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FORWARD

Groundwork on the USAF Academy's Airborne Laboratory, a concept
enthusiastically endorsed by Colonel Daniel H. Daley and Lt
Colonel Richard C. Oliver, began during the Spring semester of
1982. With the final approval of the Dean of the Faculty and the
-uperintendent, a new Aero 495 course, "Flight Test Techniques,"
was taught for the first time during the Fall semester of 1982.
I)esigning the course, planning flight profiles, and handling
logistical and other administrative details were accomplished
with the help of Captain William C. Roberson, Instrumentation
support for measuring important in-flight parameters was provided
by Captain Theodore J. Moody of the Department of Electrical
Engineering and Mr. Thomas D. Fultz of the Department of Civil
Engineering. With the continued support of those mentioned above
and the prospective involvement of future members of the
Department, the Airborne Laboratory has enormous potential. Aero
495 is expected to become a permanent course in the Aeronautics
curriculum by the Fall semester of 1984. What follows is a
technical description of the course as it exists today along with
sample data and plots.
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AIRBORNE LABORATORY MEASUREMEN: OF AIRCRAFT PERFORMANCE
AND STABILITY AND CONTROL FOR LIGHT AIRCRAFT

Kent R. Crenshaw*

Abstract

This report is a supplement to the article 'Integration of
an Airborne Laboratory into the United States Air Force Academy
Academic Curriculumll in USAFA-TR-83-2. It contains the test
plans, flight test planning guides, and aircraft specifications
handouts used during the applications phase of the Department of
Aeronautics Airborne Laboratory. Sample calculations and plots
from actual flight test data taken by cadets are also included.
While the test plans, flight test planning guides, and aircraft
:;pecifications were designed to be used with the Beechcraft
Sierra and Sundowner, the formats are sufficiently general so
that they can be applied to any single-engine, general-aviation
aircraft. Commonly recognized flight test techniques are used
for gathering data, and data reduction is accomplished using
accepted procedures.-

I. Introduction

The Department of Aeronautics Airborne Laboratory is divided

into two phases: "performance" and "flying qualities." Each

student receives two flights during each phase, using the Beech

Sierra to evaluate performance and the Beech Sundowner to

evaluate flying qualities. The geometry, performance charts, and

weight and balance data for each aircraft are shown in Appendix

A.

II. Performance

The flying portion of the performance phase is conducted

according to a test plan with a format similar to that used at

the AFFTC (Air Force Flight Test Center). The test plan, shown

in Appendix B, defines specific performance objectives that must

*Major, USAF, Associate Professor of Aeronautics, DFAN



be met if the advertised performance of the test aircraft is to

be verified. It also serves as an administrative tool by

dividing the students into two separate test teams and by

addressing flying and ground safety considerations. Performance

parameters that are evaluated include maximum speed, range and

rate-of-climb capability, service ceiling, and glide ratio.

Both performance evaluation flights last approximately one

hour with Flight 1 dedicated to gathering aircraft cruise and

turn performance data and Flight 2 to gathering aircraft climb

and descent data. A "Flight Test Planning Guide," shown in

Appendix C, is provided to assist the students in their

preparation for each flight. Mission events, pilot and student

responsibilities, and post-flight data reduction requirements are

clearly defined. In addition, data sheets, data reduction

sheets, and an "Initial Flight Test Report" form modeled after

AFFTC Form 365 are used. After each flight, the cadets submit

for grading a flight report that satisfies the requirements laid

out in the "Flight Test Planning Guide." See Appendix D for

sample performance data records, data reduction, and plots.

III. Flying Qualities

Like the performance phase of the Airborne Laboratory, the

flying qualities phase is conducted according to a test plan.

The test plan objectives (shown in Appendix E) are to evaluate

the Beech Sundowner 180 C23, both qualitatively and

quantitatively, as a primary trainer for Class I as defined in
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MIL-F-8785C, "Flying Qualities of Piloted Airplanes." The

aircraft is evaluated for compliance with selected paragraphs of

this document. The test plan also serves the administrative

purpose described in the performance section of this paper.

Both of the flights in the flying qualities phase last

approximately one hour. Flight 3 is dedicated to evaluating

longitudinal and lateral-directional stability and control as

well as maneuvering flight. Flight 4 concerns dynamic stability

and stalls. A "Flight Test Planning Guide," shown in Appendix F,

outlines each flight in detail and helps the student to prepare

for flying and to reduce post-flight data. See Appendix G for

sample flying qualities data records, data reduction, and plots.

IV. Conclusions

While the test plans, flight test planning guides, and

aircraft specifications handouts contained in this report were

designed to be used with the Beechcraft Sierra and Sundowner, the

formats are sufficiently general so that they can be applied to

any single-engine, general-aviation aircraft. The test plan

serves primarily as a statement of purpose and objectives, but it

is also a useful administrative tool for organizing the flight

test effort and addressing safety considerations. The flight

test planning guide lays out the specific engineering

requirements for each flight. While this might be interpreted as

"leading the cadets by the hand," taking data in-flight is very

different from gathering data in a ground-based laboratory
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environment. The flight test planning guide gives the individual

without experience in general aviation aircraft all the

information he or she needs to fly an effective and efficient

flight test mission. It eliminates guesswork about the specific

test parameters needed in-flight and makes the flight experience

both productive and rewarding.

Symbols

English Symbols

(A) actual

ALT altitude

BHPiw brake horsepower, instrument and

weight corrected

BHPs standard brake horsepower from

engine chart

BHPt  test brake horsepower from engine

chart

CD coefficient of drag

CL coefficient of lift

CP propeller pressure coefficient

c.g. or CG center of gravity

(dH/dt)d rate of climb with density

correction applied

(dH/dt)p rate of climb corrected for engine

power and propulsive efficiency

DEG degrees

4
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Fe elevator stick force

FR rudder force

FF fuel flow

F.M. flight manual

FPM feet per minute

FPS feet per second

FT feet

FWD forward

g acceleration of gravity

load factor

GPH gallons per hour

GD ground

H calibrated altitude

H iindicated altitude

hm stick-fixed maneuver point

hs stick-free maneuver point

hstick-fixed neutral point

hn stick-free neutral point

Hp Piindicated pressure altitude

is or Hstd standard altitude

lit or Htest test altitude

HP horsepower

HR hour

IAS (Vi) indicated airspeed

IN inches

J propeller advance ratio
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KIAS knots, indicated airspeed

KTS knots

L/D)max maximum lift over drag ratio

MAC or c mean aerodynamic chord

MAP manifold pressure

MCP maximum continuous power

MIN minutes

MPH miles per hour

nt or ntest test load factor

NAM nautical air miles

OAT outside air temperature

O/S overshoots

(P) predicted from flight manual

p pressure at altitude

PO sea level pressure

PRESS pressure

q dynamic pressure

R or Rtest test turn radius

R/C)t or CdH/dt)std standard rate of climb

R/C)T or (dH/dt)t test rate of climb

RPM revolutions per minute

R/S rate of sink

S planform area of wing

SAR specific air range

SE specific endurance

SEC seconds
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T period of oscillatory dynamic

response

t2 time to double amplitude

t1/2 time to 1/2 amplitude

Ta absolute outside air temperature

Tj indicated outside air temperature

TS standard temperature at altitude

Ts  test temperature at altitude

TACH tachometer

TED trailing edge down

TEMP temperature

TEU trailing edge up

VTAS (Vc) calibrated airspeed

V ( ) equivalent airspeed

V velocity, instrument and weight

corrected

test indicated airspeed

Vtrue true airspeed

VtI vertical velocity indicator

Wf fuel flow in pounds (lb) per hour

(hr)

or, ortW aircraft standard weight

Wt or Wtest aircraft test weight

Greek Symbols

t or wtest test turn rate
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1propeller efficiency
6 pressure ratio p/po

density ratio r/p(,

density at altitude

PO sea level density

bank angle

elevator stick deflection
e

6 rudder deflection

6 aileron control wheel deflectiona

sideslip angle

a actual frequency

U) n undamped natural frequency

damping ratio

References
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APPENDIX A

Specifications and Weight and
Balance for the Beechcraft

Sierra 200 C24R
and

Sundowner 180 C23
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SPECIFICATIONS

AND

WEIGHT AND BALANCE

FOR THE BEECHCRAFr SIERRA 200 C24R

AERO 495

SPRING 1983

A- 2



CONTENTS I'A 4.

I . (;vomet ry . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . vnvral I . . . . . . . . . . . . . . . . ° . . . . . . . . . o. ,

111. I'crformrance Charts .

IV. Welght and Balance . . . . . . . . . . . . . . . . . . . . . . . 18

A-3



I. GEOMETRY

A. Three View

BEECWAPT
Slerra C24A

B. Wing

Span, b 32199"
Mean Aerodynamic Chord, MAC 52.7"
Area, S 146 ft2

Aspect Ratio, AR 7.5
Taper Ratio 1.0

Dihedral 6.0*
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G;E.NERAL.

A. gn- Avco Lycoming, 4 cylinder

10-360-Al
Maximum continuous power (at sea level)
200 HP @ 2,700 rpm

Manifold Pressure Operating Range (15" to 28.7" Hg)

1. Propeller - Two-blade, Hartzell, constant speed

Alimintium al toy
iameter 76"

Restricted Operation - 2,100 to 2,350 rpm

C;. €_!oa c i t ies

Passengers and Pilot 6
011 8 quarts

Fuel 59.8 gallons
57.2 gallons usable

1). Design Load 
Factor

2,750 pounds, flaps up +3.8 to -1.9

E. Airspeeds

Takeoff (flaps 150) 66 KTS/76 MPH
Climb (best rate, Vy) 85 KTS/98 MPH

Climb (best angle, Vx) 71 KTS/82 MPH
Maximum Glide 91 KTS/105 MPH

Emergency Approach 74 KTS/85 MPH
Normal Approach (flaps down) 70 KTS/81 MPH

Cruise Climb 96 KTS/I1O MPH

Maximum Permissible Speed, VNE 168 KTS/193 MPH
Maximum Landing Gear Extended Speed 135 KTS/155 MiiH
Maximum Flap Extension Speed 96 KTS/1l0 MPiH

Maneuver Speed 125 KTS/144 MPII
IC Stall Speed (gear and flaps up, 2,600 lbs) 65 KTS/75 MPH
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1] 1. PERFORMANCE CHIARTIS

A. Pitot-Static Calibration Data

T AIR SPEED CALIBRATION -NORMAL SYSTEMV
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B~. Atmospheric Data

FAHRENHEIT TO CELSIUS TEMPERATURE CONVERSION
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C. Stall Speeds and Crosswinds

STALL SPEEDS EXAMPLE

-POWER IDLE WEIGHT 6Le

NTFLAPS ON (35"

LONI)uC I NC. SIAI LS5 IN ACLORDANCE WITH CAM SIALI SPEED(IAS So K S 46b MP'Hji 12 A 0WFE

. .. . ......- .. ........ .. ....- 9

...~~~H .. .. ...

-r7 270 250 20 10 BO 0 0 2 0 4 0 0

o HAD INO --- 7 - -NO-----

00

3 -7' J- .:x j
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1). Takeoff and Landing Data

TAKE-OFF DISTANCE HARD SURFACE F.AMP~II
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1.Climb Data

NORMAL CLIMB E LAMP,

CLIMB SPEfD. 85 KNOTS (98 MPH) OAT ~f
A~,.)>ATU O4O~SPRESSUJRE A, 'hJE kso4 0A!SXAfjCN9KfSWEIGHT 27W LIS

PI...k F , A TRCrl, A~ 1 ?00 RVM. RATE OF CLIMB 5 0STO rMIN
FL~APS )",o0 CLIMB GRADIENT b2%
L ANDINt, GE All, ,CIBSEE

t AN TC'APIPROPRIAIL IuEL FL OVV aLMSED E '(604

..-..... ............

..... NESSA ALTIuDE - AL '.............. .. ..

4MS 1 A AtC 7.- 7

r .........

Out S'D( AITrPRTU1

0C

OUTSrI AIR TEMPERATURE C dIM~PUD

z TIME. FUEL AND DISTANCE TO CLIMB AMEW
A!10 .1 '~ CONO1c.'s CLIme SPEED 96 KNOTS (Ito MPMI 0*' AT IAKE-OF F SIC 15" 1 jM

to OA' ATCRUiS SC in., TIM
PM'I,101SPEEDL A IRPORT PRESSUJRE AITITUDE S50 r'o3 ol UL1 -NL - L CRUISE Ak TIOTjOE ., SW " 0PUt,, DENS.ITY 81 ' AG,, . INITIAL CL -MOlWEIGAT 275(1 LOS

lIP
T

IUE TC ME 23 0 - 'SMM
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F. Cruise Data

CRUISE POWER SETTINGS.- 2700 RPM
75% MCP (or FULL THROTTLE) - 2600 POUNDSV

iSA .3WF j-30C) STANDARD DAY (ISM ISA *361F *201C)

ALT.SI OA aIPE
AT OTPRESS FLOW TAS OAT PES FLOW TAS OAT 1PRESS, FLOW ITAS 2

FEET - INOPGPH! K1S MPV' -F *C I N14 H PPHIGPH TS, MONF V C I9kMG P6PH'1104 KT MP*41

Sk 21); 4 22~0l2 1 42 6;11 230 61 1'02 125 144 99 37 23.6 61 102 128 147
10( b , 5 10 2 124 13714227 61 102 126 145 95 35 233 61 10.2 129 148

.10 m 0,1 102 12S 144 55 31r -2 61 1021 128 1 147 91 33 23.0 61 102 13 5

2)O 14 0 5 6 1 70, 2,0 2 5 5 1 22 6 0219118 8 1 21.8 61 10.2 137 158
4000 ? 30 31 610,2 64 20 61 102 136 150 66 19 21.561 610.2 137 153

000 91 2102 61 ,102 124 147 257 21 27 61 102 137 158 81 27 20.7 51 9.8 137 158
6 135 5200 60 102 13.9 148 41 -5 210 61 980 138 152 59 15 20.0 61 10.21361575

KID 12 2 1.19259 9.8 0 132 152 4 1 .1112 9134 1557 1 2. 561 10.31374158

z 000 A2012038.6150921331533016- 9 6 1 1023136315738219 1.5 6D 1012 137IS

2431 17995629131161 2.1 17 [14 54 9276 02 1371 151 48317 2.9 59 986130 150

CRIS 1OE SETTNGS 260 RP
1;00 1 2 0 5 MC (O2 FU 154T LE 260 POUND 20 m 9 18 17 5 0. 7 9516 17

.1 27 19SA 9. .4IO 1192s :*0C STND 7 DAY 15A 5 SA 1362O 9313 5

IET INN1 0N'Om

OAT P98 LOW UTSE P'OER PRESNG FLO 2A0 j OAR PESPLWMA

<T MP ~ I-
26 A 4 3F I1. 12 2'126 6246 O~lt16~3~216 0 2

/ 612(E1 0 12
1

13 9152. STNDR DA2Y 2 (IA 96 A +5 346 1 213 16

L 6 85 233 61 ei 021 1235 142 66 13 239 61 10? 212811'47 1 33 25 161 102 131 168

3m , 91 30 61 102 127! 146 62 11 236 61 '102 129 148183 31: 24 i ( 102 132 152
400 12 111 22 7 61 1 021126' 147 48 9 234 '61 )02 130 150 B4 291 24 1' C. 102,133 1653SOD191!256 102 129i6 1 131168'2!37S1325' 48 45 1 71 231 6110.2, 15 W s 27 2 0U21134 154

5 !2?23 6 1 110 2130 '60 41 5 22 9 6 02132 152 725235 61 10211351155
70 1-1J221 6!02 11 , 37 3 227 6,0? 134 15A 73 23 =. 010.0 135 155,

18000 2119i 2'S 8 1 1102 132' 152 34 1 22.46W010.0134 154170 21 22A4 SS9.0134 154
1900 121[ 216 6010121152 30 -1 216 59 9.81133 153 186 19 21.6 57 0.5 133 153
1(low -9 123 20.85998 ~ 151 27 .3 2080 57 95 132 152j163 '7 20.6 a66 9.3 131 15,
11000 .13 25 201 I 795 301 150 23 -5 2101 56 931130 1S5'o059 20 I90 3 5
12000 17 .27 193 56 9.2129 48 19 .7i 193 54 90 120(147 55 13~ 21 3 9.0 130' 1506 *Z
3000 -2X -29 16614 9017161 -91 18 53 8811271146 13 10. 51 8. 127 146

L~ 4 1 7 .1s 12614 j 19 52 87J.fi~ 891. 50 8.3 1123[142~

~J NOTES I Shaded area regreSer 1 operaIr1l wi1th tull throlie
2 F ull thrOftle MYafl4Old 90e1t0 19 010 apprO1i'nnlf~
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CRUISE POWER SETTINGS- 2400 RPM
65% MCP (Or FULL THROTTLE) - 2600 POUNDS '

ISA -36F (-20C) STANDARD DAY (ISA) ISA + 36"F (U 2C) 0 
"

PRESS MAN FLO1 i MAN i FUEL I i PMAS. FUEL

ALT. OAT PRESSI FOW OAT PRESS FLOW TA S iOAT PRESS! FLOW ITAS n

FEr "F -C IN MG PF GPM;TS MPH "F C IN G PPHiGPM KTS MPH".rC IN HG TPPH GPM CTS MPH

SL 25 223 h5419 116 134 61 16. 229 54 190 118 136 197 I "
) 21/ -6 220 54 90 117 135 57 14 226 54 119 137 !93 341 232 54 90 121 39

2 80 -8 217 54 90 118 136 154 I 121 223 5 4 0 138 190132 23.0 54 90 122 139

3000 ,.,o 215 5490118 136 5010 2;? 1 54 90 121 139 8630 227 5419o 123 142
4000 10-12 I 21.2 5.4,90,119 137 4614 218 5 90 122 1140 84 29 224 54 90 124 143400 0 9 12 2 ,,5 90o 119ot,3 4 6 218 5 . 1 4 ,,1 ,, 5
500o 7114, 209 54 90,1120 138 43 6 215 54 ,90 12 14 1 27 22.2 54 9.0j1251 14
bOwC 3-16. 207 54 90 12! 139 41 5 213 t,4 143 77 25 i 220 '54 90 126 1451

7000 .17 205 54 90 122,140 ,37 3 2!1 1 5490 125 144 73123 21 54 90 126 1 15
8000 -2 .191 203 54 90 123 142 134 1 20. 5A 90125 144 170,211 2,S 541,0 127 146

9000 -6 21 201 5490 '4 143 30 "' 207 54 90 126 145 r66 19 213154190 127 146

10000 -9 23 199 5490 0251 44 127 .31 205 5A 90,127 146 3 17 20. 53 46

l 11 13-25 198 54 90112514423 -5 201 53 88 126 145 59 15 201 52 87 126 145 M
-17 .271 19 1 54 90 125 144 19 .7 19.3 52 87 1125 144 55 1 3 19,3 51 8.5 123 142

~3000 .20 .291 186 152871,241431 .916 51 851123 1421152 1 1b.6 49 8.2 120 138 X
1 00 241-31 17 9 51 85 121 139 12 .111 1791 49 8,2 1120 1381148 9 17.9 48 8.0 117 135

1400 ____

NOTES 1 Shiaded aea represents operation w.ll full throtle
2 Full throttle manifolC setlngs are approxllte

Z In w
o CRUISE POWER SET'INGS - 2400 RPM M

55% MCP - 2600 POUNDS M

III ISA .WrF (.2l"C) STANDARD DAY (ISA) ,. ISA .3rF(.20C)

SA 1S 3 I- 0C
PRESS MAN FUEL MAN %FUEL MAN FUEL
ALT, OAT PRES FLOW TAS OAT IPRESS FL OW TAS * OAT PRESS' FLOW . TAS

FEET *F C IN MO PPH GPH KTSMPHIF -C IN HG PPHGPHKTS. MPM F . -C IN HG PPH]GPH

SL 25 I 41 197 4880o.106 1122 61 16, 203 b8 .0 '*01.24 97 36 n08 43 B0 110 127
|1000 196 48-86 0 2 5 4 0

2000 1, ,- 19 48 80 1107 1 2359 4, 89 498 08C ''04 130 32 2 1 9 48 180111412
30 , 10 91 48 0 108 1 24 50 ;10! 196 ". 8 00 "27 06 30 , 20 1 148 18 1 1 12 12'9

4000 ' 0 -2 189 4.8 80 1091 25 46 r  e 1q4 0. 80' , 1215 82 28 1 99 48 8 &0 '113 '30
:

SWKX 3 .16 a. 488 11183 0 8bC1313 52 97 48l 180 114 313

7000 0 -18 I82 48 80111' 128 1361 2 '87 4 6 10 "3 130 72 22 '92 148 80 115132

flow0 I' -4 .20 I80 40 so0. 1 29 32 L1. 18 4@ BC . 114 13,!168 2C '' .48180 115 132

9M '- -2178 4818 1 3 8.2 .8 .11080 '4 131 1 4 1b 19 .4 8 1161134
0000 . .24 176 48 80 14 I 131, 25 ' 18 I. 1, 48 .80 '5 1 ',6 1 . 1 I 7 4 8 o ,6 134
11000 -I 28 175 48 80 114 13111 61 10 4. 80 16 134.57 141 185 48 80 117 135 :.

.2000 -18.28 173 48 180 115 1132 18 -8, 178 041 0 '16 134 55 13, 18 3 48 80 117 135 01
3 1-22 -30 17, ,I8 80115 132 '14 .10' '76 4b e ''6 134 500 '8' 4e 80 117 135 3

S 168 46 180 116 34 0 0 2i 6 , ,,. lS138U46i ar 180 ,48 80 1'7 135 ' 0"
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Section V BEECHCRAFT
Performance Sierra C24R

FUEL FLOW vs BRAKE HORSEPOWER

EXAMPLE

BMKE HORSEPOWER16 I
CaNoOI4 LEAL. FuGK7f

CRUISE LEAN

FUELFLOw 9%GLH

Is

17L

r14

13 SAKE-OFF.

f~ A

7

70 30 90 100 110 120 130 140 150 160 170 '80 1910 200
SRAME HORSEPOWER

S-28 Novmbw, 1960
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- -

z RANGE PROFILE - 37 GALLONS U
ASSOCIATED CONDITIONS STNADDY ~M

Im
-J WEIGHT 2758 LEIS BEFORE ENGINE START NOTE 0iC

FUEL 100 OCTANE AVIATION GASOLINE I ~~ RANGE IW LUDES START. TAXI
- FUEL DENSITY 60 LBS'GAL $ .1 CLIMB WITH .11 MINUTES RESERVE Z

INITIAL. FUEL 0 e& FUEL AT -,5% MAXIMUM CONTIjNUOUS
LOADING 37 U S GAL (222 LBM '7'Q- 0 POWER

'34 12512

-.... ..... CRUISE TAS KNOTS
10.000 5t

It

0 5000 --0 1-210 1

0 -0

3 FEL'00OCANEAVATN GALIE MIE IZ NOC

FE ASESITD 6 LBGAL ENDURANCE IRFL-3 ALNLDS

3NITIL 100 SCTART TAXI.IO ANDLIN CNOTE

-LOADING 37 U S GALS 1222 LEIS) STAR TAX MINES

(v . RESERVE FUEL AT 55%
''.~ MAXIMUM CONTINUOUS

:0000~

134 /1 2 . 14 I-~uS

77..................

20 2 5 30 3s 40 4'
ENDURANCE HOURS

A-15



RANGE PROFILE-57 GALLONS
ASSOCIATE[)CONITIONS STANDARD DAY

NOTE
WEIGHT 27%II LEIS bEFOI: ENGINE START -
FUEL I(XJ CTANE AVIATION (,ASCAi IN( FlANGF INCI tT11 S SIAIIT B

FUEL ENSIY 6 0LSS!A IAx I AND (A1 IMti WiIEH
FUELU DEST 60LGAL 45 MINUTE S Fit SE H vf n

INITIAL FUEL LOADING 57 U A E TS AIU

(342LBSJCONTINUOUS POWERA
15000 - ,i~----..-

-. iF.&~ CRUISE TAS -KNOTS

0 13 (e .-Jcw
00

6171

bw 620 640 660 690 700

RANGE NAUTICAL MILES (ZERO WIND) A

U'ENDURANCE PROFILE-57 GALLONSV
ASSOCIATED CONDITIONS STANDARD DAY (ISA)
WEIGHT 2758 LBS BEFORE

ENGINE START NOTE3
FUEL 100 OCTANE AVIATION ENUACaNCUE TR

GASOLINE EDRNEICUE TR
FUEL DENSITY 6 0 LEIS'GAL 'AIAND CLIMB. WITH 45

INITAL FEL OADIG 5 U SGALMINUTES RESERVE FUEL AT
INITIAL34 FULLAIN 7US) GAL MAXIIMUM CONTINUOUS

(342LOSIPOWER

15000- TFF ,,_

I0 I -w

SL1 ! 1 2 135 114
35 4 5 so 5 6 5 7

ENUANE- OR

H,-H16
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9" T F:2:227 .r

)ata Sourc: Courtesy ot AVCO Lycoming WIlllamsport Division
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Data Source: Courtesy of TRW Hartsell P-opeller
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V. WI' AND IiAIANCi

BASIC EMPTY WEIGHT AND BALANCE

SIERRA 200 C24R. SER NO. J!_C-513 . REG NO. Ni8892 - DATE 10-9-80
JACK POINT LOCATION PREPARED BY
FORWARD 1292 Company

AFT 2059 Slynlu......... ..

REACTION 6CALE NET
1WHEEL • JACK POINTS READING_ TARE WEIGHT ARM MOMENT
S(I T MAIN 674.5
WIIclr MAIN 662.0 129.251 172744
NO)IE O1 lAIL 442.5 57.313 361
TOTAL JAS WEIGHED) 1779.0 1779.0 , 105

Sp.cs to . PoI.urwoeo lof adoolsons &o s,olctasons to as • weigyhd condhltong

LESS 8 01 OIL -150 50 - 750

Plus: Fire Extinguisher +2.7 107.0 288.9
ELT + .6 259.0 155.4

IMPIY WEIGHT 1767.3 111.92 197799
ENGINE OIL 150 tpO0 750
UNUSAIJLE FUEL 156 1250 1950

HASIC EMPrY WEIGHT 1797.9 111.52 200499

BASIC EMPTY WEIGHT AND BALANCE
SIERRA 200 C248 SER. NO. -C-.D-0.. REG. NO. E6636D DATE 1.0-9-8(0

JACK POINT LOCATION PREPARED BY
FORWARD 1292 Comp.ny - - - -

AFT 285 9 Signature

REACTION SCALE NET
WHEEL - JACK POINTS READING TARE WEIGHT ARM MOMENT
LEFT MAIN 719.0
RIGHT MAIN 717.5 129.188 185579
NOSE OR TAIL 396.0 56.563 22399
TOTAL (AS WEIGHED) 1832.5 1832.5 207978

SPO dC p01 0 f t w10 e Pot /tObton and f.bIbrACt*ona t0 as. - .e1gh1d Coflmlon

LESS 8 OT OIL -15.0 55 -750

Less Aft Ballast Weight -10.1 288.42 -2913

Plus: ELT + 2.7 259.0 + 699
ELT (correction) -- 1.0 259.0 + 259
Fire Extinguisher + 5.0 126.0 + 630

EMPTY WEIGHT 1816.1 113.38 205903
ENGINE OIL 150 500 75 0
UNUSABLE FUEL 15 6 125 0 1 9[0

BASIC EMPTY WEIGHT 1846.7 1 2.96 208603

A-21
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C ~~~~F.S. 129.2-AU OPUBBB (l

A - DATUM TO PLAMN GEAOB
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9' WEIGHT VS MOMENT LIMITS
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BEECHCRAFT Section VI
Sierra C24R Wt & Bal/Equip List

MOMENT LIMITS vs WEIGHT

No.4., Mol..., Mo.n Mn Mee,n, Momnt

IO.4 00 11A00 0 io w500 ' lou 100-

'u, 4 0310 ?44 2S00 747 2
; 'C4, 2091 211C 2 24% 2510 28 343

444. 44 4 '444'3 246 '316 I 555 :'560J 265 10214

9H( '5. .0. * 4C 23 3 ?237 2f 3G

.. .. ' b .41 2'6 . 8(0 238 2579 2644.?. 244840 4434444i4.., '964 444 ''90, 240443 2524 2590' 2894 I 3(46
C214 23t i 2653 2630 204 304S

'j2 ?014 .. 1 .. ' ' 36

4 2240 24346 204 2640 24420 C 34646

414.0 206:' 2453' 2220 2442 2626 2624' 23O2 40.9
4-4, 7I - 24 2234. 253 2638 630 3 244 34;
92 2711. 24' 2240 2296 255 2 2

24844 225~244,34 2J602 2700 3970 34

48'., .2,I46 2.'00 2260 2486 32733 2660 I 2987 344?

8.4i 20?? 2 22 720{ 2q7r 266 2642 300 3459
4444.. 2'.68 2223 2280 1 25 269? 2620 j 3043 340
64.* 20744 2296 240 ' 2546 2709 2690 302? 329 42

24
"

SU 2330 .250 272 2700 30 3494
B (, 20 234 6 2544 273 2760 3087 3201

7.2 27 2320 2 15 0 270 307 3258

40 24 22946 20 303 37
21C ,, 7079 2357 24o 2449 2409 27 308 32b3

-'C' 45 2349( 23610 p2596 73270 35 37

1 9'0 2 '6 2 232 2370 2 5 . 274 ! 2 2
'930 2'2 234' 2340 263 286
'49u 2434 24- 2340 2632 140 302

2047 .?0 23 240 2w45 2440 20b
2 144! 2 2' P 2344' 2440 256 2442

90.0 2133 2390 2420 24'7 2834

2'0 2143 [ 2404' 230 26444 24474
4944 2.4B 243 2440 269'294

2,,4 -21,, 237h 24r0 2740 .5944
2404,-C 1.244.34 20 '27611 2860
404 2.4 2 2401 2 6670

:! 2- 6: I:4C,, )2644 242t4 24644 27360 2199e
,Ob, :2" .:37 760 37.71 24

.'~cI 1''. 244' 2490 42762 29"b

44. no.0 9,444 4444 04o14*14 4,04, 4*9 b60e 04 44 f0/Iow.98 .94I f lE e f, t , 04

NORMAL CAT 6GOPV

Wf. 14T CONDITION FWDCG LIMIT AFT CG LIMIT

27444' 46 . 7.-Of1 43044
o, L -. ng

23IS O' '1' 1 00 14b3

November, 1980 6-13

A-23



Section VI BEECHCRAFT
Wt & Bal'Equip List Sierra C24R

COMPUTING PROCEDURE

I Record the Basic Empty Weight and Moment trom the
Basic Empty Weight and Balance form (or from the latest
superseding form) under the Basic Empty Condition block
The moment must be divided by 100 to correspond to
Useful Load Weights and Moments tables

2 Record the weight and corresponding moment from the
appropriate table of each of the useful load items (except
fuel) to be carried in the airplane

3 Total the weight column and moment column. The
SUB-TOTALS are the ZERO FUEL CONDITION

4 Determine the weight and corresponding moment for
the fuel loading to be used This fuel loading includes fuel
for the flight, plus that required for start, taxi. and takeoff.
Add the Fuel Loading Condition to Zero Fuel Condition to
obtain the SUB-TOTAL Ramp Condition.

5 Subtract the fuel to be used for start, taxi, and takeoff

to arrive at the SUB-TOTAL Take-ott Condition.

6 Subtract the weight and moment of fuel to be used
from the take-off weight and moment The SUB-TOTAL
Cond.,.on of No 3 and No 5. as well as the landing
condition moment, must be within the minimum and
maxwnum moments shown on the Moment Limits vs Weight
graphr for that weight If the total moment is less than the
minimum moment allowed, useful load items must be
shifted aft, or forward load items reouced If the total
moment is greater than the maximum moment allowed.
useful load items must be shifted forward, or aft load items
reducea If the Quantity or location of load items is changed,
the calculations must be revised and the moments
rechecked

6-14 November, ISO
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BEECHCRAFT Section VI
Sierrag C24R Wt & Sol Equip Lis.t

WEIGHT AND BALANCE LOADING FORM

MODEL SIERR.4 C24R DATE XNAX

SERIAL NO AA'A R E G. NO0. VXXV'XX

ITEM WEIGHT 1MOM/ba0
I BASIC EPVPT,' CONITION Q!.'J '/

HUIN T hE AT 0( ( CJWANTS ;-10 )7

2 3,0 & 4th SEAT OCCUPANTS .401 482

4 bin & 6th SEAT OCCUPANTS ]30' 22

9 SUe TOTAL

RAMP CONDITION 2722 1321.5
10. *LESS FUEL FOR START,

*TAXI and TAKE-OFF _____ -9
11 SUB TOTAL

TAKE-OFF CONDITION- 7/4 .1206

2 LESS FUEL TO

DESTINATION J('5 gal) 1-50 - / 76

13 LANDING CONDITION t.45 3030 _

IF uel for start, tax. and takii-otl is normally 8 Ibs ai an avtrage

Momri 000of9.

November, 1980 6-15
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BEECHCRAFT Section VI
Sierra C24R Wt & Bal.Equip List

USEFUL LOAD WEIGHTS AND MOMENTS

OCCUPANTS

(n N C? 0 J) M~ V

<, C 0

00

U Z N NN
z

Lu)

C.

uj L)
V) ccc V -

-.- 0 c f

0

November. 1960 6-17
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Section VI BEECHCRAFT

WI & Bal/Equip List Sierra C24R

USEFUL LOAD WEIGHTS AND MOMENTS

5th & 6th SEATS
ARM 171

Weight Moment Weight Moment
100 100

80 137 140 239
90 154 150 257
100 171 160 274
110 188 170 291

120 205 180 308
130 222 190 325

1 200 342

USABLE FUEL
ARM 117

GALLONS WEIGHT MOMENT/100

5 30 35
10 60 70
25 90 105
20 120 140
22 132 154
25 150 176
27 162 189
30 180 211
32 192 225
35 210 246
37 222 259
40 240 281
45 270 316
50 300 351

52 312 365
57 342 400

6-1a November, 190
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BEECHCRAFT Section VI
Sierra C24R Wt & Bal/Equip Lost

USEFUL LOAD WEIGHTS AND MOMENTS

BAGGAGE

ARM 167

Weight Moment Weight 1 Moient
100 100

10 17 140 234
20 32 150 251

30 50 160 267
40 67 170 284
50 84 180 301
60 100 190 317
70 1'7 200 334

80 134 210 351
90 150 220 367

100 167 230 384
110 184 240 401

120 200 250 418
130 217 260 434

j _270 451

November, 1980 6-19
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SPECIFICATIONS

AND

WEIGHT AND BALANCE

FOR THE BEECHCRAFT SIJNDOWNER 180 C23

AERO 495

FALL 1982
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1. GEOMETRY

A. Thrce View

BEECHCRAFT Sundowner I80 Section I
C23 (M. 1285 and After) General

Cs 9

THREE VIEW Cla-0ma

B. Wing

Span. b 3219"
Mean Aerodynamic Chord, MAC 52.7"
Area, S 146 ft2

Aspect Ratio, AR 7.5
Taper Ratio, 1.0
Dihedral 6.00

A- 32



11I. GENERAL

A. Engine, Avco Lycoming, 4 cylinder 0-360-A

Maximum continuous power (at sea level) 180 HP @ 2.700 rpm

B. Propeller. two bladed, fixed pitch Sensenich, diameter 76"

Restricted Operation 2,150-2,350 rpm

C. Capacities

Crew and Pilot 4
Oil 8 quarts
Fuel 59.8 gallons

52 gallons usable

1). Design Load Factor

(2,450 pounds, flaps up) +3.8 to -1.9

E. Airspeeds

Takeoff (flaps up) 65 KTS/75 MPH
Climb (best rate) 75 KTS1/86 MPH
Climb (best angle) 69 KTS/79 MPH
Max Glide 78 KTS/90 MPH
Emergency App. 68 KTS/78 MPH
Normal App. (flaps down) 68 KTS/78 MPH
Normal App. (flaps up) 80 KTS/92 MPH
IG Stall Speed (flaps up, 2,450 lbs) 63 KTS/72 MPH
Maximum permissible speed, VNE 152 KTS/175 MPH

A-33
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Ill. Performance Charts

A. pitot-Static Calibration Date

AIRSPEED CALIBRATION - NORMAL SYSTEM 4

AS 80.1s

tioo- t

tok 1hJ 110 1A A) doo 'So 11TW 11
%J 1AS INVICAYVO *A~F - SON 0 03Iga Atlo 16 -.* UPe

U'ALTIMETER CORRECTION NORMAL SYSTEM vU

OXO 0

Afoo C

IT!7

A-34A



a. Powar-Off Stall Speds

Section V BEECHCRArT Surdowntir 180
1Iwformance C23 jIA- 1 285 and Alter)

POWER OFF STALL SPEEDS

. 'Ei6m- T 2460 LBS..'

,4 ix.mum alit ude loss during a norrmal stall recovery is
approxiniately 300 ft.

ANGLE OF BANK

LEVEL 300 11 45 60'

FLAPS-UP

72 mp 7 ph 85 mph, 101 mph
63ts 6 kts 174 kis 88 kis

FLAPS -DOWN (35')

59 mph 63 mph 70 mph 83 mph
51 kts 55 kts 1 61 kts 72 kts

*5-12 February 197S
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C. Crosswind Chart

BEECI4CRAFT Sundowner 180 Section V
C23 (M-1 265 and After) Performance

WIND COMPONENTS
Dwmonsloated Crosswind Component Is 1 7kts/2Omph

tMAMPIE

WINO SPEED 20 KTS
ANGLE BETWEEN WIND DIFIECTION AND FLIGHT PATH 50,

HEADWINO COMPONENT 1 3 KIS
CROSSWIND COMPONENT 15 KTS

FLIGHT PATH

30

0- - - Ole

CMOSWINDCOMPNENs-, NT

Ferur 17 51

AD3

V - -p-k !



D. Takeoff and Landing Data

20 ~~~~ TAKE-OFF DISTANCE - HARD SURFACE 1R.P~O

"INE PLI. INOTILO UPIT OFF dc50 01

" 7664*V LIv41L 01111fAaOICHSPAC
04 am? 1400 LOS

C.47 SEA MLEVEL w yTTL a _T__ 2009 EEF 60 ' goesP09 OTA

00646 BO7JEO1 OS0to go*6 OEIPT B WIO ERIOSI GROUNO ven CVI SPT 4,4 OVANRFla T
RI?~ ~ :- 067 "OE OIAL C OL UAL OTRL O06TACLSCTR OBSTACLI OAT MOLL OBSTACLO

FIS 011 Pil FIP PS IE EST Fel Pf *C PT T FEET FIST n
71 6 i 77 z le02 16 7069 M 1S 11 Mgt1 I17 22) 134 621 160 122

76' .o~ 11 .4 776 200 1 24 2 7 Il11I 2104 Me I,16 27
so0I :1120 705 77 2111 2224 41 7 1:%, MI 7 3 6 20 1701 7014 377171 7 111 x

25 M 246 275S PO 27 7420 24ss 63 17 144 2002 IS ;I 0WA 3204 40 ,213 207l 0 0
go 3 1272 2269 a 311676 .7762 O~ 742 300313 6306 17 1 2404 AM0

2). ~O 1720 "44 lB1 I MO 7 W 03 27 700 2140 12 270
47 13 is's 24 6 1642 2 W?07 2702 2.7 7242 2402 7 74 2110

s o weI 0 1703 1 ota to" 702 620 2220 30 30264 271 1 Io6n =
77 003 1000 70 27 71 267 1 133 56 6, 114 m00 1762 3w

96 1107 2110 00) 1720 240N 27 476 06 12 1714 27 7 00 30
31 22 10 27 .47 1) .7l 70 21767 I. 2J .107 20

0 41 52 1420 24 2 700 27 p 14 76 2 7 as 22) 13 t1140 10
761o i 703 IS I I *is664 1)7 670 700 47OA 2164 01 2482 31k 103 2677 2 702 7027 I7 206= .7 0 2 1 17 1237 716 40( I=4 174.

35 so 1 07 0) ~l 21 2 1 2§U03 74 223 1370 1 0W2 671 1413 We0

o NM

LANDING DISTANCE - HARD SURFACE w M

AIICCIATID CCIEOITIOI4S LAPROBEO P5106t

po AOE ilI wr TOPT 0 K1120To IN"
ID .aluo 07N TOUCHDOWN6 .1 %T1,79Uftl)o

ID IRA LIVILO. OAT 4NA0 SURFACE ,-
WI 101 1.20 O 2I

wOe R 10"6 2P7 006 PT

*WEWAV OAT OL OBSIBOLI OAT OfL OBSTACLE OAT MOLL ONTACLI OA? ROLL O0TACLOI OAT ROLL any ALE
6-N0r$ P * ~T Flit P plo P PONFT F 'C FEET T F P PEE PO ET FIS PI l PI

221' Ow 002 1470, I) 76 71WO 1 1 0 am0 4 it Site 1077
"s 07 1 4 2716 3 27270 1 1 8 10 7644 Ill761 772 0

0 6Is 70) 7464 62 77 ;A, S00 4 7 701 111? "1 BOO 7 1 "'7 11 "4767

77 IS 217 7627 10 27 ?77 707 )17 oil E6ns 7 1 67 740 46 02 1627

22 400 770110 7606 0 9 1 24 4716622 7 716 "21 000, 701431g,
47 6 70 722 34 7 15 7210 27 42 --212 60 6 14 10 777 76 40

00 ~~: 4 51 728 0 7 62 72 6 1 067 47 1 71 753 67 7 7 6 14 '

3 r. 207 o 70 76 25 746 7 2 427 Pa5 277 4 140 671 77

4s so 20 712 2 as 400 7 17 17 -A422 7 4 7 770 0 7 lei as5 '12 T

20 5 307 7200 I77 I4et7 9 770 174164 I 2 2 02 12 27 643 722

77, 1 471700 7 AS! 772 do. 6 7 0 24l M 120 40 d 122

a1 W41 43 '-02 69 772 0, 1722. 4 22 %.0 7202 07 10u 1 376

A- 37



B. Climb Data

BEECHCRAFTSundownef I180 Section V
C23 (M-1 285 and After) Performnance

TIME, FUEL, AND DISTANCE TO CUM13

P0,041%0,e F% aM.rl

0 , l'0 TO CU10D-

FUEL TO CUMS 2 0.1LLOlNS

24 L" a" I *10"WA DA20 ToCA 2 40 i Ml

PI9AC TO S C M PHATCA IE

February 197 5-.17.
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F. Cruise Data

Section V BEECIICRAFT Sundowner 180o
Performance C23 (M- 285 and After)

CRUISE PERFORMANCE
STANDARD DAY

POWER SETTINGS RANGE.- 11.k

ALTITUDE THROTTLE FUEL PLOW TAM INITIAL FUEL ONWOARD'
SETTINaS (UgASLEI

FEET RPM GNP9 GALI KTSMPH YGA 7 A

2700 U 1 3.3 1 241143 276 4f5
2500 2140 73 ID4 113/130 310 136

2300 60 92 100/116 386 55

2700 86 128 123/142 272 47
3500 2510 7I 1 01 1 1211U 3191 Sal

330 69 SI ow/113 3041 61

2700 84 121 23141 29 454
4800 2100 70 96: 1111/127 329 S63

2300 so D0 sell13 314 so7

3695 63 120 1 2/140 29 4an
1600 210 SI 96 110 127 233 6

2300 so 79 97/112 296 600

zm 79 11.6 121/139 396 112
610 2900 ,7 .4 16/129 237 572

30 U 76 96/110 349 662

20110 77 112 120/136 206 :21
7?00 2100 6 92 196/112 340 176

2300 57 7.9 95/109 346 M7

3970 71 lOU 119/1,61 311 1 33L
850 200 65 9 0 1.,/1. 341 942

2300 57 78 94/10 341 979

2662 73 t0.1 M1/136 310 142
9500 29100 64 69 107/123 29 6on

____ 2300 57 76 931106 234 171

2604 71 103 111123 M2/ 145
l09 K 90 63 8 7 "I'll2 340 112

F I 2300 57 79 3116 25 SSG9

NOYES. 1 ASp -01046. -- " 1. 1-6 1*. 0 49JI 1-1-10 '6.61 at 2200 RIPM
2 fC..,. I~~-- 104 .1' 86. bW~ * .( m.. LGG to 08.40o RPM

IC,. 9- t011.10111. f0

3 1, , *.wcumntdod IllS 10 of 1"k. b. 011.,o*0.4.06 Il. 1h.1 0I.80b

4O &P Pfn.Cw/10 RPM thil 1.0 how and Irm G-PINGq mil~ ver *slf, TA010r

ISI. To 460101C 1111 M I.. ho10 11W 195646 ISO th.lO taif , e m lw

6.Im we08 toth 101Wit 110ltam 8-to the011 a06 Pm 0.0.6.4

**OCIAT40 CONDITIONS:
PIVrPM AfIfIIIft 46001fen
OAT S30F
IN~ml.4A. III III1811

68.A4LE-
006 v AInthad 520 to".
Actual Tn,. Aowped 121 811

C.ea4ef A01111.0 wn Tbl 660016
Ime-ON.OI. P.01w (121 81... "3.0 M 1of1

dIIICISPM bOns 110 "nd 1 228but 408

P.0o . (W.12 18.4 2 4 $2 -
22 . of. Iei t 1161.

5.18 February 1979
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IV. Wight and Balance

Maximum Ramp Weight *2455 lbs
M4axim=~ Take-off and Landing Weight - 2450 lbs
Maxiinza Baggage Compartment Load w 270 lbs

?I DATUM LZ4AC!E4

~-103' 52.7 I

CDC

TAIL TIE DOWN
F.S. 286.9

_LEVEL POIN

- BAGGAGE FLOOR

F.S. 129.4

A -NOSE TOPLUMS BOB n

B - DATUM TO PLUMB BOB

toF.S. 126.438 C - DATUM TO MAIN GEAR .

00
w <

2300 0

2"0

2100

200c

I, .. i

110.0

17 18 It 20 212 2 23 24 25 26 27 28 29
to8I.34 23.14

*pds WADED AmRCRAFT MOWNT/10, 000 .C

A- 40
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FRONT SE S j. 3RD AND TH SEATS
DPOS. *AFT POS. BENCH SEAT SPLIT SEAT

ttARM tARM ARM ARM ARM
*104 -1O5 **112 *142 *4

WEIGHT mom mom mom mom mom C

120 125 126 134 170 173
130 135 137 146 185 187 I
140 146 147 157 199 2028
150 156 158 168 213 2160
160 166 168 179 227 230 m
170 177 179 190 241 245 z 2
180 187 189 202 256 259 00~ 7
190 198 200 213 270 2740
200 208 210 224 284 288 1

C
'Effective M-1285 thru M-2006 0.

bIttfecive M-2007 and after- Cn
'Reclining seat with back in full-up position C

(D -Values computed from a C G. criterion based on a 170 pound male Differences in ;
W physical characteristics can cause variation in center of gravity location .c
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SEECHCRAFT Sundowner 180 Section VI
C23 1M- 1285 and Aher) Wt and Beaoquip List

USEFUL LOAD WEIGHTS AND MOMENTS

OIL
(Included in Basic Empty Weight)

ARM 4

OITS W MOMEN"/100

815 7

USABLE FUEL

ARM 117

GALLONS WEIGHT MOMENT/100

5 30 35
10 0 70
15 90 105
20 120 140
22 132 154
25 150 176
27 162 189
30 180 211
32 192 225
35 210 246
37 222 259
40 240 281
45 270 316
50 300 351
52 312 365
55 330 386
57 342 400
58 348 407

Februma 1979 6-19
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Section VI BEECHCRAFT Sundowner 180

Wt end S*EKquip List C23 (M-1 285 and After)

USEFUL LOAD WEIGHTS AND MOMENTS

BAGGAGE

ARM 167

MOMENT
WEIGHT 100

10 17
20 33
30 50
40 67.
50 84
60 100
70 117
80 134
9o 150

100 167
110 184
120 200
130 217
140 234

6-20 February 1979
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APPENDIX B

Test Plan
Sierra C24R Limited Performance

Evaluation
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TESI PLAN

I-IPAIIMJ:NI OF ALKoNAI'lICS

SIERRA C2/iR I.IMITED PERFORMANCE VVALUArON

i "! )W I'r I ON

.\ I irni ted perlormiance ,val Iat ion of the Beech Sierra C24R will e J, ,.
i he 11. S. Air Force Academy by Department of Aeronaut ics (D)FI-N) f I .1 ,1 ,

d i ,tudeit,; enrolled in Acro 495. Flight testing will be condue-ted ,kiriwe,
1:- pI ii'w semester from the fifth to tenth week of classe..;. Result:s

, it ion wi I I he presented in a formal oral report given bv a h of tw

It, e' t ires (it this evaluation are to determine the Sirra CZ f , y ,,, K :'

i,,o. m,inct, character ist ics and to compare them to the cotlirracL oi ': ]" I

In :ddltion. certain contractual guarantees are verified. Specific objec'tJve!s

. l'akeof f Performance

- detcrmine takeoff power ground roll using the Flight Manual ta'-k'ot
procedure

- verify the takeoff performance predicted in the contrac-t_or" FliJit
Mnx';l I

C I1 mb Iler lormance

- d:termine the full throttle maximum rate of climb

- det ermine the full throttle best angle of climb

- verilv t.he, clhb performance predicted in the cointi.,to " -, o F1tl11

Malult I

l~ev I lirn Ve r I ormano

- delrminv the level sustained turn performance in cruise power ;
',100 rpm

dtCermloe the speed for optimum sustained turn periurmance ," ,
teat al t itdt

1t. 1 FU l| it' I''IA ~ ll 01M II

determine thl - aitspeeds ad rpm for maximum range itmi mj.X ii:r
endurance as derived from test data

determine the aircraft drag polar

or, it tv(,;t result - with the contractor's, Flight Im:.
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L. l.Cscelit Per formance

determine the propeller windmilling best no wind glide ratio

- dri-t:rmne the best glide speed and minimum sink zp,.tA wi,-: r

windml I I ng

- co;mpare test resu Ls with tIie contractor s Flight t!, n1,.a r.T: i in n,
glide contiguration of 91 knots

F. taontrak tuat Guarantees

maximum speed at sea level-142 knots

-rnse speed at 75Z power, 10,000 feet-137 knots

- range with 45 minute reserve at 75: power at 10,000 tret-n .1'-

miles

- rate of climb at sea level-927 tpw

servfce ceiling-15,'385 feet

At I MlIAk I

Ili t" 1- '1 rogl im wil Ib coilduct d bv Department )I Ac'to att it: . .1
u.t : ira intetgral part of the curriculum for Aero 495, J toIrs4 i. ! I i i 'thu

,, chitqti'i.s The program has the approval of the Superintendent , thc D, ;,
tht. I-, ultv, the Head ot the Department of Aeronautics, and the Director o. F1 iglht

.t) I-t, t1 ledrick Beechcraft Inc.

lS l fAI o\ kGAN I ZmIA N

V,-.,L Italn urgaizationn shown in Figure I will consist of two lwF,\N ,. t
pl ,,. :.11 wtu :tt deuut tlizt test engineer teams. Each test team will ..

t it h ont, I, tltv pilot. A Test Director for each team will be a,;,.i11:k. ,

,,,tril t,. tlik' - atIr, .valu.ztion effort. He will in turn appoin! itjdr vid,., .
1:, itr . at cl t, t urea (i.e., data monitors). It will be t!j, d aL m u,,i ,

IltV to spt iiv tilt tests to be flown in support , his [tr tirL,,
o. issgned arc takeoff, clilmb, turn, cruise and dea en perlI ilt
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DEPARTMENT OF AFRONAIJ IICS

PROFESSOR AND HEAD

COl, DALEY

COURSE PILOTS

MA] CRENSHAW
CAPT ROBERSON

U k~lIUX 'iTEST DIP!~(I)

I I.\M A EV,1

i')Il tA .: N(; 1NFI'.RS PRO I ECT LN; I

figut c 1. Organizat im! Ch.-irt

B- 7



V K/ CSCHIFDU LE

tli. eva luatio:; will consist of sorties as specified in 1'abic i.

lah IC 1. Data Sorties

Sorties Fl iL, h ii ,
Test Per Test Team Pe r S,, r r

1F ight 'l 2.5 .
I ak oo t I i I tL, l.iih t

( n1 tl it Pe I Ot il ICe
turn Pert otl ndct,

Flight ;t,' 2.5 1)
Takeo 1 Pvrtormance

:limbs and Descents

*I Tota 1 5

*tOln sort J, wiii be shared by both test teams.

I I 1,J1 :I and i; 2 arc ;cheduled as shown on the Integrated A. identi s and F!vyin,
•cdnle I,,r Aero 49). Mission time will not exceed 1.0 hour.

l, 1 M IA I IONS

'lie loIlowing limitations will be observed durinv thi.a eviluation.

A. lhe iit rraft will be operated in accordance with the Airl. tar. Fl i.a
.1,iiuaI, FAR Part 91 and il I Beech Aero Club Operating Instruct ions.

1s. All data sort ies will be flown with one DFAN facul ty pilot hi1d two
,';fdt '+.

...,t I a, wI Il ,nl iy he accompl ished under VFI dayt imo (ond it iol:, 1

M, M)(1 I L MS.. ind hel ow.

D. All tt,-t Ing will be accompli shed within the local I I ing area i

I l Lrdo Spr i)gs.

It+- , AlarRAFT DESCRI "I ION

I[t, h tei ralt L S in ra C24R , manufactured by Beech Air( raL Corporat i,.,.
I. , ,ix- pla.,.. retractable, general aviation aircraft powered lv cne ft,.i-

Iil, 1tt'd, -,- vI Inder, 200 11P Avco Lycoming engine. Thc propt,- ,t2,r is ,

Itt I 1 I constit- peed two-Ilade, aluminum-alloy prop with spittor. SC,
I'hoit. 2 lot gerteral d imetisiors and Table 2 for Aircrat t[ .iini Lt its.
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BEECHCRAFT
Sierra C24R

30*

372 9"

c '2. 7 i ,

I
r  

:~~og - : . ..

'- - 0' ,- Y6---

THREE VIEW

riv.llrc 2. Three View of Sierr,j U.'4K
(Reference 1)
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Fai I 2. A ir k-ra t L it at itns

KnOts/inph

Never Exceed Speed (V NE 6 :

Mix bum MajneUVe r injl Speed (V A)21

Mix imum tCrU iS ll Speed in Trurbulent Air (V )IiI'

1Stal I Speed Ge-ar and Flaps Up (2,600 Ibs) P*/I
(Imwer id le)

Mix imum Ramp Weight 2, 7 h) lbs

Max [mumi [I'keoO t' Wel ght 21, /')0 "1).

'-Iix Initm Land ing We i ght 2'*51It,;

1 i Zllt aNceIUVe-ring Load Factor Flaps Up + 3. -l I

F I ~ii Manieuvt-r ing Load Factor Flaps Down +1 . 9

M~k,-iivr hnk AngIItc No More Thati b00

'vte('lI I Ig 15,385 feet

IL !It ti .u (i I In, 10,000 feet

;I(It,. * NS 18M NT VI ON

da;tI~t,i wit I Ill hL aud recorded using sta-ndard to. IKp i. wi:.
it!-,i -7xCvpLivc:is .irv the usec of an accelerometer, a stopwatcl, joid

ll- i t oider.j

W1kIll ANjI BALANCE

I tilcd u-ighL mid oalant'L rect'rds for OachI air'Craft .,r,- 'viil i:S!.t
It i, lic'hcrit I. Prior to0 ev,'rv datai mission, stuident LSt.mci .,'

11 1.1, lh- u'.rm w.* iglt it11d balance data for both takeoit and landiiomz.

il t ii.K: ll IN, l'ROClI.iURKS

Iml it lw.rwi';.' notefd, all performance tests will he pvttoint- w '
1, ijie.i d g, I aidting gear and wing flaps retracted. AllI da .i wil I

ii -lidi voi, t rvcirdcd. and manually reduced to staindard dti't ri .L Weltilt

a nri, '-olld i z~ons. Specific test techniques fur eaich ircei %J I
,,ire .ii lic ra'msyaom I e~tUres and handouts from references 2, 3. and' -4.

B- 10



L , kea L o Pe rtormancev

The t.,keol f ground roll will be determined and h:ind recorded 1-r .ich

All takeof is will be made with 15" o t laps in accord.in, . wit t
'i,'t I ('.41 Airpline Flight Manual.

1;. C 1 in l ' torri a(I

tl im, data at diflerent airspeeds will be obtained using sawtOuLth
ImI.t,. Data will be obtained at 2,700 rpm with mixture adjusted for best
r at tost alltitudes Of 8,000, 8,500, 9,000 and 9, 500 feet. En gin.

,pctitung I imitations as specified in the Flight Manual will be 1.)! locd.

level Turn l'criormance

Turn performance for the Sierra will be determined f roll st,,il i /,
a i: .1 t varItius altitudes and airspeeds. Data will be obt.,ittl :It ' 700

rit. ot f ill tItrot t1e. between 7,000 and 10,000 feet. Lngine operitit'
Slittions as described ii tiFe Flight Manual will be follow'd.

ruti st, Peirformance

;tIi Ise performance will be evaluated using the l'i,, vrsus Viw t,.:

'L1, 1( 11, , ov'., d in re fe rences 2 and 4. Using the backs td, rim shot I -ct-

i ,I I, i(- iii rcrat t will ,"- stabilized at several alti t -dc and a irspc ,i
, i. t ion:.. Data will be obtained at altitudes between 7,000 and 10,0f)

I t'l't

I esc' t e Frt orinancet

k-:S'kct pvvt rmtNe will be determined at various arped3 at"0d5
't li ti s of ,5,0(0), 8,500, 9,o00 and 9,100 feet. Tbc aircraft will ) C .p 1 11

siliLi tli throttl I t idle uid propelltr at high pitch tor gatherinp d,4,2

.11.,. 11v F:1 Ight l(intl e:att'it'tion concerning prolonged idl , Iel , iinu \ w!
a(' fl, 'r-v('d.

1,,,A N I Nt,

th IFAN tacul t pi lots will haVw' It least an FAA commeritt lil Wo.
1 11li, ind h . ( trront in the Beech Sierra C24R in iccord.utce with FAA i
i, (i i, k lIcc ,,lraft , \et i.lul standards.

A' I ,idt. IS kt11ol led in Atro 495 wil I part icipatt ill I1' fiVinl: ,O t .t

f , ,r t iS pa ,;s'nger inly tud will r ceivt' ,ippropriitc airci ?!-t 1 ic-.1 'i I
I .i mtriuit ior.A IA I the performtnce I light test tech'iiqit!, tr i : ,

i: ' di a will Ilt covered during c ltss room I ec t Urks pr Lr t o t i

I , I i h ( ; v w i I I I-it , it.odi .

B-i1
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I Chtck I rcilI f Ivi ng We at her

Briet s tident Is on miss ion prof IlIe, and 1 rond aod Ii- i 1).l

t. . ht.,k [ti Lnenatice KUttUS Of aircral t anid piI orm rI

Provide i stopwatch.

5. P r ovI.de thte taic home te r read ing at wh ich t he a i r( raf t ui- r
II ri~- i~n:i t , o! tieI arnd oilI on board .

0. Ac t -is p IlIot in cummand of the aircraf t and )ccupY Lh I1' C!tII
M a I I L , 1 t Inc 9

I lBrlny data cards anid a clipboard.

ComplIete ii rerat t weight and balance form.

Ci ompxite taleot t data using temperature and presser 0c alt itrO:.
pr .-%Iled 1, thtn pilot.

ri ov i do, asset te tape Piliver for each f I~liht . (opt ini I

igv 0 o d t o iomi or roa.d i vi), it whiiclr tite ij rorri It w.i., rcf o,

0, ,Ak~t II be assigned to two man teams I or pzirpost-e a' til" al.

I III. rd dta;I. F! ight t rew duities will be rotated each flight . AlIo -' wt
:1 1!It whO will I lit 1' er , i_ I%' _oncerned with preisel v tIN ink' I ht ., ir r ri

ti ;ir wit ac vt i s iiooxrt Ls a nd n ot f v tie nI Io t imme d i tel c .I p -r-i
r? >iVhted. [it. de iei the right front stwifl a ct A ,.I I Oh ofsI

'1A I iMere'-eper an1d the advt ini the rear soat will Iact I: Jati orte,

Ft ight vtlsorrel .il r adhere to theC following wtin onl tf I 1i,: t l
rairninid t Ii: ii rct -it t:

Smouk ing Is pro2 ibi Led in or near thU aircrzift

Sat ht'e Is wil bt1e worn at all timeis.

F] Iiltlir pcroincrl wil I 'ek seated iii the aiircraf tlpir,,I I -, ongiin
.A irr .1ind wl I 1 remra in seated unti 1 the eng inc, is s I otnpi U

I. konrairi clear of the propeller area at all times.

jot it arid , walk , or lean on the aircraft except inr e i~.c

B-12



!.,) it ,,,' ircr.il t windows or dors in f light.

Adv .,- t he pi lot immediately upon observing another ai rcrat L

1;., not man ipukite the aircraft flight controls or engine controls
kiilIcL; told Lu do so by the pilot.

.Advi1;o t ti pilot ot impending airsickness. tse t he- ha., provided,
,_,r hat, :our shoe, anything except the floor o' the .,1rcralZ.

. t.' e..r ot taxi lng aircraft and other 1 Ilightline veh icl s.

,II\N 
.  Vil) i i K01,

1?- t Io' ,, . ,,ompl ished will be for academic purpo . in!; ..i
,..in.d withia thc riestrictions of the Flight Manual, Part 'It of rh FAR's,

i !, i< 15oe.'h, r i t L A.ro Club Rules and the limitations imposed I.' this Lt't p

Al Il .i-n.jtion with respect to this test plan is unclassi1itd.

I! 'IAN AIRNIIMENI S

'., ,r '.'l:'|c t Ioa thi; test plan is required if Lhe t liglt test unvl ope is
td ,r it imv limitations inl the test plan are made less restrictive. A\i

u,-St,,il Lto (In' test plan must be reviewed and approved by the same aithtoriLv
wItn. ypi.oved i lit basic plan.
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FLIGHT 1

Cruise and Turn Performance

I. OBJECTIVES

A. Determine power required as a function of flight speed in order
to estimate various aircraft performance parameters.

B. Determine the sustained level turn performance as a function of
flight speed and estimate optimum sustained maneuvering speed at test

altitude.

II. AIRCRAFT

Beechcraft Sierra C24R

III. LIMITATIONS

As specified in the test plan.

IV. MISSION EVENTS

A. Pilot

1. Lineup abeam a runway light prior to brake relecse for takeoff.

Make Flight Manual 15' flap takeoff.

2. Stabilize the aircraft in level flight at a selected test

altitude between 7,000 and 10,000 feet.

3. Trim at Vmax airspeed at 2,700 rpm/75% MCP, 2,500 rpm/75% MCP,

2,400 rpm/65% MCP and 2,400 rpm/55% MCP. Use the Flight Manual leaning
procedure for fuel flow and cruise table for manifold pressure.

4. Trim at different flight velocities at a selected rpm of 2,700,
.hU,!, 2,500 or 2,400. Do this by varying manifold pressure in I inch lip
increments. Do not go below 15" Hg or above 28.7" Hg for any rpm setting.

Again, use the Flight Manual leaning procedure for fuel flow.

5. Perform stabilized turns starting from the wings level Vmax
airspeed at 2,700 rpm/75% MCP. Stabilize at bank angles up to and including
h)' in 10' increments.

6. Make normal full stop landing.

B. Students

I. Record takeoff ground roll.

C-4



2. For each stabilized wings level and turn point, record LAS,
pr.ssure altitude, OAT, IPM, MAP, fuel flow and tach time. Also record

lor turns the time through 360 degrees.

3. Record post flight aircraft tach time.

V. STUDENT POST-FLIGHT DATA REDUCTION

A. Reduce data using the attached data reduction sheets. Use a

!iLandard weight of 2,750 lbs where indicated.

B. Plot

1. BHPiw Viw versus Vjw4 (knots)

2. BHPiw versus Viw (knots)

3. SAR versus Viw (knots)

4. SE versus Viw (knots)

5. CL2 versus CD

6. CL versus CD

7. nt versus VCAS (knots)

8. Rt versus VCAS (knots)

9. Wt versus VCAS (knots)

C. Determine

1. Sea level maximum range airspeed (knots).

2. Estimated maximum range with 57 gallons of fuel at the test
altitude with a 45 minute reserve.

3. Sea level maximum endurance airspeed (knots).

4. Airspeed for maximum range glide, power off (knots).

5. Maximum power-off glide ratio

6. Aircraft efficiency factor.

7. Aircraft drag polar.

8. Airspeed for optimum sustained turn performance at the test
altitude (knots).

D. Tabulate the actual true airspeeds versus the Flight Manual predicted
true airspeeds from the "Cruise Power Settings" table for 2,700 rpm/75% MCP,
2.500 rpm/75% MCP, 2,400 rpm/65% MCP and 2,400 rpm/55% MCP. Use a standard

weight of 2,600 pounds.
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F. Complete the "Initial Flight Test Report".

F. Complete a set of sample calculations.

G. Turn in "Initial Flight Test Report" with results, recorded data,data reduction sheets, sample calculations, and plots.
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FLIGHT 2

Climb and Descent Performance

I. OBJECTIVES

A. Determine maximum rate of climb and maximum angle of climb and
respective airspeeds at which they occur.

B. Determine best glide speed, best no wind glide ratio and minimum
sink rate and speed with propeller windmilling. Produce a propeller wind-
milling drag polar for the aircraft.

II. AIRCRAFT

Beechcraft Sierra C24R

III. IoIMiTATIONS

As specified in the Test Plan.

IV. MISSION EVENTS

A. Pilot

I. Lineup abeam a runway light prior to brake release for takeoff.
Make normal 15' flap takeoff.

2. For climbs, set RPM at 2,700 and adjust mixture for best power.
t -bilize the aircraft in a steady climb at airspeeds of 70, 80, 90, 100 and
110 knots on a heading perpendicular to the wind direction. At 500 feet
below the test altitude, set full throttle and climb to 500 feet above lthe
t,.-t altitude. Also establish level flight speed at the test altitude uksing
ilimb power. Test altitudes are 8,000, 8,500, 9.000 ind 9,500 feet.

For d(.s, ents, f ly power-al glides (tirorti idlt., pr,)pt,.ict
high pittL+) In 10 knot increments from 1-0 knots to 80 knots from 50(0 l-e
a,1ov,- to 500 teer below the test altitude. Test altittides are 8,000, 8,)()0,
(4,O()1 .ind ),500 tect.

,4. Mak,- Sorinal Itl I stop I,.ndiieg.

B. Students

1. Record takeoff ground roll.

2. During climbs, record the time to climb through 1,000 feet with
a stopwatch. Also record tach time and OAT at 500 feet below the test altitude,

at the test altitude, and 500 feet above the test altitude. Record RPM and MAP
mt the test altitude. Record the climb rate indicated on the Vertical Velocity
Indicator (VVI) and elapsed time at each 100 feet. Note the maximum velocity
.it I Imh power In level flight at the test altitude.
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3. During glides,. time the glide through 1,000 feet of descent
with .I stopwatch. Record IAch t ime iid OAT -it 500 le't ,ihov the test
.alt ittide. it the test altitutde and it 500 fett below Lhe Ltent altitude.

AIlso record VVI and elapsed time every 100 feet.

4. Record post flight aircraft tachometer time.

V. STUDENT POST-FLIGHT DATA REDUCTION

A. Reduce data using the attazhed data reduction sheets. Use a
standard weight of 2,750 lbs where indicated.

B. Plot

1. (R/C)T versus IAS (knots)

2. (R/C)S versus Viw (knots)

3. L/D versus Viw (knots)
for descents

4. CD versus Cj
2  (drag polar)

5. Sink rate (ft/min) versus Viw (knots)

C. Determine

1. Airspeed for best rate of climb and for best angle of clImb
on hoth plots of (R/C)T and (R/C)S.

2. Airspeed for max glide range and minimum sink.

D. Complete the "Initial Flight Test Report".

F. Complete a set of sample calculations.

F. Turn in "Initial Flight Test Report" with results, recorded data,
data reduction sheets, sample calculations and plots.
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Data Reduction and Plots
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Ih, plo ts de1riv ed from both flights indicate, several more data
F Jr ; were performed.

II-)



LoI

I~ ~ --4-~

N J ~4-1



-~

-' A

~

~L ~L
'I-

0 0* ~ 02 I
C F~<

.0 _--C) , .A~ P I- E

, (~5)
A... '''I' F!

F,

i , (9

- C) ~ ~-

'~ t%~ * ~4~A -- ~-~A -~
~ F ---. - -~(7)2: ~-l-~ *.-~ - -

F 
F 33

, , 1.. 'f ~ ~A H A

33 ~-
-- 'I. - - - .-. -.

, CC F~ *-- -'k. --
~N'-~kN F -, '~ rm .- .*-

- - . , 12 ~.
iF 3 - ~. C-A

-~ . - - .A c..
, , 3 ~- C- CC .--.

. .- .-~ -CC
- * --

* .2
C I F

~' )t - .- -***, --

''-F,,

A
- I, -~

- F -
- - 'F 1 F F - + - ---4

-- (~7):2 , , , , F I -
-z

F F F

~ ':<
l.A -~ -~ - -

I ~, ~ E

-- -- - ~
C-

CCI . .A -~0- C-I C.: -. C- C- -

O'c.j ~r~ES. ~ t~ -~ - E
C , :A .A ~C Fl

* -- C-:

F- -~ ~-
AL* -i *~ ~

- , .. A . -~ C 3 C-
C - - l.~ A -

I ' .-4 - - -~ .t' - C--
* ' F -

3 -.4 -t~ 1 . .
. . - '- -.-~ FCI --4 *f, - Fr-.-

~ ~A .A --

* (~)A.*, "~ FZZ.,. -

-- ,c~Q4%~ - F -

* F - p F.:
1 C _________F - j*- A A .fl

2 I -. -. ~ -~ ~. ~ .~ --z -~

* - F

- F-I -~ -, ,~C -z - x- -

I)- -'.



I.

1~

Q

Qo) p

a

(I

L

-"fl

L-. -d

7 -



A1A31 457 AIRBORNE LABORATORY MEASUREMENT OF AIRCRAFT PERFORMANCE 27AND STARIIT AND CONTROL FOR LIGHT AIRCRAFT SUPPLEMENT
UNCLAS (U AIR FORCE ACADEMY CO K R CRENSHAW 24 JUN 83

mhhhhmmhmhhhhu
smmhhhEohEmhhh
Ehhmmmhhhmhhl

mommomosom- o



III L 132 11225

U 36
S 1 4,0 2.0_

111111.25 _.4

MICROCOPY RESOLUTION TEST CHART

AIAONAL 9uREAU OF STANDARDS - 9653- A



BHPiwxVw(HP-KTS)x 1

0 0D

00
00

bD -

C,))
<Cl) CD

d0)

00

-' 0

0)0

0)



BHPiw(HP)

0) D wo 0 0 0 0

F._~I I

0-

0)

0 tc

/ CD
"00-

OD0
0 I-

x0
co

m 0 CD

4 - (4

0m
-4 0 C4)

O ",,

Oo

-
OC



C)D
00

CD

00
ODCK)

0-.o
oCD

4I Z

:1r- Q7)
0 0

C41)



C)D

I-D

0D

00(

ODD

(CYD
C 0

o

CDD



* - -, ~-.---~--------------,--

* . I

o 0

HH
U V

0 I

* I I

V --- i---r-~-
00

4 V ~----

000

* 1~ *1
* 'II
* I Il

'II iI~
NI.

- -~ ~-~--~ I --4-*--

K

iLffiL



* Ic

_Z CD
ON L1 Nt;Ks

Gi 'D~~r,

It I

II10u ~ -

0*'- -o

CL J -
A u (0

r~r)

to.

it..'

ISt

rn~t It I

(4I 
-j

t Lir.

0j .14i



¢(D

CD
00

0

X C Co

*4"* 00

-A
COC

-A -'D-12



Rtest (FT)

4 0) OD0 0 00 0 0 0

0 0 0 0 0

I,

(0

o

0
-j CD

o 9
CD m MOI

Cl)~~ (1 (Di-0

0 0

D-13

oI

L . . ... i"- I I T 11r-I. . . , w



Wtest (DEG/SEC)

0CCA

CA~
0 0-.

0-o

CA C )
0l 0)

0 0)

o (Do

(110

(14 0D010



CC

-lu I',.

-r - U

H - ' 2

90,I~iI

rr~t%. I

No I

---- 4

QtC(31 CD~I



c-

KIV

Ln CJ C

t- Q- LI V

o ol

Odo -4 41-,

D-16 ~ .



r- -v -~

fl
F

a.
1-.

H-0+ -;~

II ..~! ~

'0
o (Z)

C,

4- *,

+ .~ -
C-

~-~----~ -~ -~
* -.- C -~ *~

Th'~ ~

~ 'f
- -~ -~

- ~

* ~ :~'

0
~' C
- -I

1)- I 7

I



Beechcraft Sierra N18892
21 Feb'83 Htest:=85OO feet

Sawtooth Climbs

9

8

WL 7

I-
LL

.0 6
(D

-
-% 5

4

3

80 90 100 110 120

Viw(KTS)

D)-1I8



Beechcraft Sierra N18892-2
21 Feb'83 HS19d=Sea Level

WstdlOlb

Sawtooth Climbs

700

2
600

I-
U-

500

400

80 90 100 110 120

Viw(KTS)



1N

0 I

-t r,) 1-0 , Y



000

co w x - Q10

Ix -

.n7- 7 L-K 4 0-IF 1 0 11

A. YN u tAI-~I

1 L~~ :z-4I-

ruI

-3 -

co +

L--4
0I>, J7

11. E. F-

6' 4ri

2'f -r-)-
I I I (C .

% ' l 
.



N

I,.

~2'

0
A

~0

--

I)- 22

I

- C. a -. -.



Beechcraft Sierra N18892
21 Feb'83 Throttle Idle and

Prop at High Pitch

Sawtooth Descents

7

6 (L/D)max=6.0

5

L/D
4

3

2

80 90 100 110 120 130

Viw(KTS)
D)-2 3



Beechcraft Sierra N 18892
21 Feb'83 CD=.07+.IOCL 2

Throttle Idle and Prop at

High Pitch

Sawtooth Descents

1.2

1.0

0.8

CL 2

0.6

0.4

0.2

.02 .06 .10 CD.14 .18 .22

D)-24



Beechoraft Sierra N18892
21 Feb'83 WSTO= 2 7 5 O Pounds

Sea Level
Throttle Idle and Prop at HIUh Pilu

Sawtooth Descents

1800

z
1600-

U-

j-1400-

CO,
CO

1200-

1000- Minimum Sink=79 knots

80 90 100 110 120

V2~ (KTS)



APPENDIX E

Test Plan
Sundowner 180 C23 Limited Flying Qualities

Evaluation



UNITED STATES AIR FORCE ACAD~EMY

COLORADO 80840

DEPARTMENT OF AERONAUTrICS

ALRO /49

TEST PLAN

"UNPOWNIR 180 C:21 LIMITED FLY ING QUALITIES FVAIXArION

AUGUST 1982



TEST IAN

t.'PAIVMVN I' O. AFKItNAIIVIC:.

Sl;t1NI)tWNIER 180 C2 .! IMITED FLYIN; QUALITIES IVALUAT't)N

AUGUST 1982

I, t., I, t h.i~ 'be n ;repard by:

" K.AT Z. Ii [s A,, -or. -SAF
Aero 495 Course Mirector
Department of Aeronaiutics

1,.\ lcw, ,d 1,\ +U , e
WILLIIAMl C, ROiBI.RSi)N, C.ilpt..in, tISI,'-
A lrt 495 Course Pilot
I)epartmnt of Avroit;tuics

-,x •6< +,..;' . .

WAYLAND S. EB.RHARDT
Director of Flight Operation

Hedrick Beechcraft Inc.

1K .- +



TABLE OF CONTENTS

PAGE

INTRODUCTION..............................

O09JECT EVES.................................I

AUTHORITY.................................I

TEST TEAM ORGANIZATION.............................

SCOPK/SCHEDULE...............................3

l.IMITATIONS ..... ............... ............. 3

'rEsTr AIRCRAFT DESCRIPTION ......................... 3

FLIGHT TEST INSTRUMENTATION ........................ 5

WE*IGHT AND BALANCE..............................5

TEST DESCRIPTION/PROCEDURES ........................ 5

A. General..............................5

B. Longitudinal Static Stability and Control ..............6

C. Maneuvering Flight ........................ 6

1). Lateral-Directional Stability and Control .. ........... 7

E. Dynamic Stability ......................... 7

F. High AOA Testa... ........................ 7

TRAINING..................................8

CREW DUTIES................................9

SAFT... .................................. 9

C:OMMAND AND CONTROL............................10

TEST PLAN AMENDMENTS ........................... 10

RE:FERENCES ................................ 11

E- 4



TEST PLAN

DEPARTMENT OF AERONAUTICS

SUNDOWNER 180 C23 LIMITED FLYING QUALITIES EVALAUTION

INTRODUCTION

A limited flying qualities evaluation of the Beech Sundowner 180 C23 will
be conducted by U. S. Air Force Academy, Department of Aeronautics (DFAN) faculty
pilots and students enrolled in Aero 495. Flight testing will be conducted
during the Fall 1982 semester from the 13th to 18th week of classes. Results of
the evaluation will be presented in a formal oral report given by each of two

student test teams.

OBJECTIVES

The primary objective of this test program is to provide the cadets with
practical experience in flying qualities testing. They will qualitatively
and quantitatively evaluate the Beech Sundowner 180 C23 as a primary trainer
for Class I. The aircraft will be tested for compliance with MIL-F-8785C,
Flying Qualities of Piloted Airplanes. Only those paragraphs of MIL-F-8785C
listed under the Test Description/Procedures section of this test plan will

be used in evaluating the Sundowner.

AUTHORITY

This test program will be conducted by Department of Aeronautics faculty
and students as a part of the curriculum for Aero 495, a course in flight test
techniques. The program has the approval of the Superintendent, the Dean of
the Faculty, the Head of the Department of Aeronautics, and the Director of
Flight Operation of Hedrick Beechcraft Inc.

TEST TEAM ORGANIZATION

Test team organization shown in Figure I will consist of two DFAN faculty
pilots and two student flight test engineer teams. Each test team will be
assigned to fly with one faculty pilot. A Test Director for each team will
be appointed to coordinate the evaluation effort. He will appoint individuals
to be in charge of each test area (i.e., data monitors). It will be the data
monitor's responsibility to specify the test to be flown in support of his
test area. Test areas to be assigned are weight and balance; longitudinal
static stability and control; maneuvering flight; lateral-directional stability
and control; dynamic stability; and high angle of attack (AOA) flying qualities.

E-5
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DEPARTMENT OF AERONAUTICS
PROFESSOR AND HEAD

COL DALEY

AI RO 495 OPERATIONS
COURSE DIRECTOR HEDRICK BEECHCRAFT
MA. CRENSHAW MR. EBERHARDT

COURSE PILOTS
MAJ CRENSHAW
CAPT ROBERSON

TEST DIRECTOR TEST DIRECTOR
TEAM A TEAM B

I IPROjECT ENGINEERS PROJECT ENGINEERS

Figure 1. Organization Chart
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SCOPE/SCHEDULE

The evaluation will consist of sorties as specified in Table I.

Table I. Data Sorties

Sorties Flight Time
Test Per Test Team Per Sortie

* Flight #3 2.5 1.0
Longitudinal and Lateral-
Directional Stability and
Control; Maneuvering Flight

Flight #4 2.5 1.0
Dynamic Stability; Stalls

*Total 5.0

*One sortie will be shared by both test teams. Flight #3 and #4
are scheduled as shown on the Integrated Academics and Flying
Schedule for Aero 495. Mission time will not exceed 1.0 hour.

LIMITATIONS

The following limitations will be observed during this evaluation.

A. The aircraft will be operated in the normal category in accordance
with the Airplane Flight Manual, FAR Part 91 and all Beech Aero Club
Operating Instructions.

B. All data sorties will be flown with one DFAN faculty pilot and two
cadets.

C. Testing will only be accomplished under VFR daytime conditions
at 10,000 feet MSL and below.

D. All testing will be accomplished within the local flying area of
Colorado Springs.

TEST AIRCRAFT DESCRIPTION

The Beechcraft Sundowner 180 C23, manufactured by Beech Aircraft Corporation,
is a four-place, fixed gear, general aviation aircraft powered by one 4-cylinder,
180 HP Avco Lycoming engine. The propeller is a Sensenich fixed pitch, two-blade
prop with spinner. See Figure 2 for general dimensions and Table II for Aircraft
Limitations.
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BEECHCRAFT Sundowner 10
C23 (M- 128 and After)

32' 9"1

S - 146 ft
2

A-7.5

c - 52.7 inches

THREE VIEW

Figure 2. Three View of Sundowner 180 C23

(Reference 1)
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Table 11. Aircraft Limitations

IAS
Knots/mph

Never Exceed Speed (VNE) 152/175
Maximum Maneuvering Speed (VA) 118/136
Maximum Cruising Speed in Turbulent
Air (Vc) 136/156

IG Stall Speed, Flaps Up (2,450 lbs)
(power idle) 63/ 72

Maximum Ramp Weight 2,455 lbs
Maximum Takeoff and Landing Weight 2,450 lbs

Flight Maneuvering Load Factor:

Flaps Up +3.8 to -1.9G
Flaps Down +1.9G

Maneuver Bank Angles No More Than 60°

Sideslips are restricted to 30 seconds duration

Service Ceiling 12,600 feet
Test Plan Ceiling 10,000 feet

FLIGHT TEST INSTRUMENTATION

Test data will be hand recorded using standard cockpit instrumentation, a
mechanical force gage for elevator forces, a six volt electric strain gage
device for rudder pedal forces, an accelerometer, and a stopwatch. As an option.
a cassette tape player may be used to record data.

WEIGHT AND BALANCE

Detailed weight and balance records for each aircraft are available at
Hedrick Beechcraft and will be reproduced in a handout for student use. Prior
to every data mission, student test engineers will calculate aircraft weight
and balance data for both takeoff and landing. Each test team will evaluate
the longitudinal and maneuvering flying qualities of the Sundowner in both a
forward and aft center of gravity (c.g.) condition. The only approved means
of c.g. control will be in passenger seating, i.e., heaviest cadet either in
front or back seat. Under no circumstances will the aircraft be operated
outside the Flight Manual forward and aft e.g. limits.

TEST DESCRIPTION/PROCEDURES

A. General

All flying qualities tests will be performed with the engine operating
and the wing flaps retracted. All data will be hand and/or voice recorded;
and, as required, manually reduced to standard conditions.
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B. Longitudinal Static Stability and Control

1. The aircraft will be evaluated against the following paragraphs of
reference 2 at the test points in Table III.

3.2.1.1 Longitudinal Static Stability
3.2.3.1 Longitudinal Control in Unaccelerated Flight

2. (3.2.1.1) The test will be accomplished using one of the methods
described in reference 3. The airspeed will be varied over a range of + 15 per-
cent of the trim speed. The altitude will be maintained within + 1,000-feet of
the test altitude.

3. Using data from both aft and forward c.g. locations, the stick-free
and stick-fixed neutral points will be determined using the procedure in reference

C. Maneuvering Flight

1. The aircraft will be evaluated against the following paragraphs of
reference 2 at the test points in Table III.

3.2.2.2 Control Feel and Stability in Maneuvering Flight
3.2.2.2.1 Control Forces in Maneuvering Flight
3.2.2.2.2 Control Motions in Maneuvering Flight
3.2.3.2 Longitudinal Control in Maneuvering Flight

2. (3.2.2.2, 3.2.2.2.1, 3.2.2.2.2) Data for evaluating the aircraft
against these paragraphs will be obtained using one of the methods described in
reference 3. Altitude will be maintained within + 1,000 feet of the trim alti-
rude. "G" will be relaxed during rollout to avoid excessive asymmetric "G"
loads on the aircraft.

3. Data from both aft and forward c.g. tests will be used to determine
the stick-free and stick-fixed maneuver points in accordance with the procedure
outlined in reference 3.

Table III. Static and Dynamic
Stability and Control Test Points

*Test Point Pressure Trim

Nu Altitude (feet) Airspeed (KIAS)

1 8,000 80

2 8,000 90

3 9,000 80

4 9,000 90

*Accomplish each test point at both forward and aft c.g. for

longitudinal and maneuvering flight tests.

E-10
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D. Lateral-Directional Stability and Control

1. The aircraft will be evaluated against the following paragraphs of
reference 2 at the test points in Table III.

3.3.4 Roll Control Effectiveness
3.3.4.4 Linearity of Roll Response
3.3.4.5 Wheel Control Throw
3.3.2.5 Control of Sideslip in Rolls
3.3.2.6 Turn Coordination
3.2.3.7 Longitudinal Control in Sideslip
3.3.5 Directional Control Characteristics
3.3.6.1 Yawing Moments in Steady Sideslips
3.3.6.2 Side Forces in Steady Sideslips
3.3.6.3 Rolling Moments in Steady Sideslips

2. (3.3.2.6) This test will be accomplished by first trimming the air-
craft in wings-level flight at the desired test point. Then a coordinated 45*
bank turn will be established at the trim airspeed.

3. (3.2.3.7, 3.3.5, 3.3.6.1, 3.3.6.2, 3.3.6.3) Testing in these areas
will be accomplished using the techniques described in reference 3.

4. Altitude for all tests will be maintained within + 1,000 feet of the
trim altitude.

5. Maximum sideslip duration will not exceed 30 seconds.

E. Dynamic Stability

1. The aircraft will be evaluated for compliance with the following
paragraphs of reference 2.

3.2.1.2 Phugoid Stability
3.2.2.1 Short-Period Response
3.3.1.1 Lateral-Directional Oscillations (Dutch Roll)
3.3.1.2 Roll Mode
3.3.1.3 Spiral Stability

2. These tests will be accomplished at the points listed in Table III
using the test methods specified in reference 3.

3. (3.3.1.1) The Dutch Roll will be excited using ramp rudder inputs
applied smoothly to h deflection either side of neutral. Sharp or rapid rudder
inputs, which impose high loads on the aircraft structure, will not be used to
excite the Dutch Roll.

4. (3.3.1.2) The aircraft will be trimmed initially for wings-level
flight at the desired test point. From a coordinated 45* bank turn at the trim
airspeed, roll performance will be tested by rolling the aircraft with a step
aileron input to the same bank angle in the other direction. Roll performance
will be measured at and full control wheel deflections.

F. High AOA Tests

1. The aircraft will be tested for compliance with the following
paragraphs of reference 2 and at the test points shown on Table IV.
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Table IV. High AOA Test Points

Test Point Pressure *Trim
Nu Altitude (feet) Airspeed (KIAS)

5 9,000 1.2 Vs

6 10,000 1.2 V5

*For the purpose of determining trim airspeed, V5 will be

the wings level, flaps up, power off stall speed of 72 mph/
63 KIAS.

3.4.2 Flight at High Angle of Attack
3.4.2.1 Stalls
3.4.2.1.1 Stall Approach
3.4.2.1.1.1 Warning Speed for Stalls at Ig Normal to

the Flight Path
3.4.2.1.2 Stall Characteristics
3.4.2.1.3 Stall Prevention and Recovery

2. The aircraft will be tested only during Phase A stalls as defined
in reference 4. Emphasis during the test program will be placed on determining
the adequacy of the aircraft controls during the approach to the stall and
during stall recovery; the adequacy and nature of the stall warning character-
istics; and the stall recovery techniques. The aircraft will not be flown into
a deep stall. Recovery will be initiated when (see Table I, reference 4):

a. a definite g-break occurs.

b. a rapid, uncommanded angular motion develops.

c. the aft stick stop has been reached and pitch attitude cannot
be increased.

d. sustained heavy buffet develops.

3. The aircraft will be trimmed for lg flight at the airspeed and
altitudes specified in Table IV. Using the test methods in reference 3, the
aircraft will then be maneuvered so that the stall occurs at the test alti-
tude (4 500 feet).

4. Stall recovery will be initiated at the onset of the first stall.

5. Stalls will be accomplished at 8,500 feet MSL minimum.

TRAINING

Both DFAN faculty pilots will have at least an FAA commercial pilot rating
and be current in the Beech Sundowner 180 C23 in accordance with FAA and Hedrick
Beechcraft Aero Club standards.
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All cadets enrolled in Aero 495 will participate in the flying portion of
the course as passengers only and will receive appropriate aircraft orientation
and safety instruction. All the performance flight test techniques required to
gather test data will be covered during classroom lectures prior to the flights
for which they will be used.

CREW DUTIES

A. Pilot

1. Check local flying weather.

2. Brief students on mission profile, and ground and in-flight safety.

3. Check maintenance status of aircraft and perform pre-flight.

4. Provide a stopwatch.

5. Provide the tachometer reading at which the aircraft was refueled
and the quantity of fuel and oil on board.

6. Act as pilot in command of the aircraft and occupy the left front
seat at all times.

B. Students

1. Bring data cards and a clipboard.

2. Complete aircraft weight and balance form.

3. Compute takeoff data using temperature and pressure altitude pro-
vided by the pilot.

4. Provide cassette tape player for each flight. (optional)

5. Record tachometer reading at which the aircraft was refueled and
the quantity of fuel and oil on board.

6. Cadets will be assigned to two man teams for purposes of taking
flight test data. Flight crew duties will be rotated each flight. Along with
the pilot who will be primarily concerned with precisely flying the aircraft,
both cadets will act as lookouts and notify the pilot immediately of any air-
craft sighted. The cadet in the right front seat will act as data observer
and timekeeper, and the cadet in the rear seat will act as data recorder.

SAFETY

Flight personnel will adhere to the following while on the flightline an.,
in and around the aircraft:

a. Smoking is prohibited in or near the aircraft.

b. Seat belts will be worn at all times.

c. Flight personnel will be seated in the aircraft prior to engine start
and will remain seated until the engine is stopped.
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d. Remain clear of the propeller area at all times.

e. Do not stand, walk, or lean on the aircraft except in designated areas.

f. Do not open aircraft windows or doors in flight.

g. Advise the pilot immediately upon observing another aircraft.

h. Do not manipulate the aircraft flight controls or engine controls unless
told to do so by the pilot.

i. Advise the pilot of impending airsickness. Use the bag provided, your
hat, your shoe, anything except the floor of the aircraft.

J. Stay clear of taxiing aircraft and other flightline vehicles.

COMMAND AND CONTROL

All testing to be accomplished will be for academic purposes only and will
be performed within the restrictions of the Flight Manual, Part 91 of the FAR's,
Hedrick Beechcraft Aero Club Rules and the limitations imposed by this test plan.

All information with respect to this test plan is unclassified.

TEST PLAN AMENDMENTS

An amendment to this test plan is required if the flight test envelope is
expanded or if any limitations in the test plan are made less restrictive. An
amendment to the test plan must be reviewed and approved by the same authority
who approved the basic plan.
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MEMORANDUM FOR THE RECORD 29 October 1982

Subject: Aero 495 Test Plan Revision for Sundowner 180 C23 Limited Flying
Qualities Evaluation

To: Captain William C. Roberson.sA .-
Aero 495 Course Pilot

Mr. Wayland S. Eberhardt
Director of Flight Operation
Hedrick Beechcraft, Inc.

1. The Test Plan for the Sundowner 180 C23 Limited Flying Qualities Evaluation
dated August 1982 is revised. The second to the last sentence in the paragraph
titled Weight and Balance on page 5 should read:

"The only approved means of aft c.g. control will be with the use

of two 50 pound lead weights secured in the baggage area. Ballast
will not be carried for forward c.g. control."

2. There may not be sufficient spread in center of gravity location by using
passenger seating alone to get adequate forward and aft c.g. flying qualities

data. Adding lead ballast to the baggage compartment, however, does enhance

the importance of checking the weight and balance prior to flight.

3. The following table is provided to aid you in computing weight and balance

.a with ballast on board:

BASIC EMPTY
CONDITION + MOM/100 % c.g.

REG NO. 100 LBS BALLAST (in/lbf) SHIFT AFT

N6014M 1690.0 lbs 1945 2.7%

N60171 1625.0 lbs 1855 2.7%

N18325 1680.5 lbs 1959 2.8%

INTR. CRE SAW MjUA
Aero 495 Course Director
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APPENDIX F

Flight Test Planing Guide
Sundowner 180 C23 Limited Flying Qualities

Evaluation
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FLIGHT 3

Longitudinal and Lateral-Directional
Stability and Control; Maneuvering Flight

I. OBJECTIVES

A. Measure the slope and linearity of the longitudinal stick force and
elevator displacement curves.

B. Determine the stick-fixed and stick-free neutral points.

C. Determine the stick-fixed and stick-free maneuver points.

D. Measure the slope and linearity of the rudder pedal force and dis-
placement versus sideslip.

E. Evaluate the turn coordination of the aircraft.

II. AIRCRAFT

Beechcraft Sundowner 180 C23

III. LIMITATIONS
I

As specified in the test plan.

IV. MISSION EVENTSI
a A. Pilot

1. Make a Flight Manual, no flap takeoff.

2. Stabilize the aircraft in level flight at a selected test altitude
of either 8,000 or 9,000 feet.

3. Trim the aircraft for either 80 or 90 KIAS. Lean the engine for
best cruise.

4. From the trim airspeed, use the stabilized test technique and vary
airspeed + 15%, staying within + 1,000 feet of the test altitude.

5. From the trim airspeed, use the stabilized test technique and vary
load factor up to and including z 2.0 "g's" while descending to maintain constant
airspeed. Stay within + 1,000 feet of the test altitude. Perform the test in
both directions.

6. Perform steady sideslips at various sideslip angles up to maximum
sideslip in both directions. Maximum sideslip duration will not exceed 30 seconds.

7. Stabilize the aircraft in 45* bank turns in both directions at the

trim airspeed and test altitude.

8. Make normal full stop landing.

F-4



B. Students

r. Compute take-off weight, center of gravity and predicted take-off
roll.

2. Record the data required on the attached data sheets.

3. Record both pre-flight and post-flight aircraft tach tive.

V. STUDENT POST-FLIGHT DATA REDUCTION

A. Reduce the data using the attached data reduction sheets.

B. Plot:

1. Stick deflection 6. and stick force Fe versus indicated airspeed
Vi for longitudinal static stability test points.

2. Stick deflection 6e and Fe/q versus lift coefficient CL.

3. Stick deflection 6. and stick force Fe versus load factor n.

4. Rudder deflection 6R and rudder force FR versus sideslip angle a.

5. Bank angle 0, aileron deflection 6a and stick force Fe versus 0.

C. Using data from other flights (if available) with forward and aft
centers of gravity, determine the following:

1. Stick-fixed and stick-free neutral points.

2. Stick-fixed and stick-free maneuver points.

3. Compare these points to the forward and aft center of gravity
limits in the flight manual.

D. Evaluate the aircraft against the following paragraphs of MIL-F-8785C:

3.2.1.1 Longitudinal Static Stability
3.2.2.2 Control Feel and Stability in Maneuvering Flight
3.2.2.2.1 Control Forces in Maneuvering Flight
3.2.2.2.2 Control Motions in Maneuvering Flight
3.3.2.6 Turn Coordination
3.2.3.7 Longitudinal Control in Sideslip
3.3.6.1 Yawing Moments in Steady Sidealips
3.3.6.2 Side Forces in Steady Sideslips
3.3.6.3 Rolling Moments in Steady Sideslips

E. Complete the "Initial Flight Test Report".

F. Complete a set of sample calculations.

G. Turn in the "Initial Fight Test Report", MIL-F-8785C evaluation
results, recorded data sheeets, data reduction sheets, sample calculations and
plots using the format specified in the "Guidelines for Flight Reports" handout.
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FLIGHT 4

DYNAMIC STABILITY; STALLS

I. OBJECTIVES

A. Determine the lateral control power of the aircraft.

B. Measure the short period, phugoid, Butch roll and spiral characteristics
of the aircraft.

C. Observe the aircraft stall characteristics to include stall warning and

verify the Ig stall speeds given in the Flight Manual.

II. AIRCRAFT

Beechcraft Sundowner 180 C23

III. LIMITATIONS

As specified in the test plan.

IV. MISSION EVENTS
i

A. Pilot

1. Make a no flap, Flight Manual takeoff.

s2. Stabilize the aircraft in level flight at a selected altitude and
trim airspeed for the first tests to be performed.

3. For stalls, trim the aircraft for 1.2 V. at a minimum altitude of
8,500 ft MSL. Using the curved flight path method, leave the throttle at the
trim setting and use pitch to achieve a bleed rate of I to 2 knots per second.
The aircraft should stall within + 500 feet of the desired stall altitude.
Initiate recovery when:

a. a definite g-break occurs.

b. a rapid, uncommanded angular motion develops.

c. the aft stick stop has been reached and pitch attitude cannot

be increased. ;

d. sustained heavy buffet develops.

4. Stabilize the aircraft in level flight at one selected altitude
and trim airspeed for all remaining tests.

5. For the lateral control power evaluation, perform aileron rolls
from 45" to 45" of bank with and full control wheel deflection. This test
should be done in both directions with the rudder fixed.

b. For the dynamic tests, use the following techniques:

F-10
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a. Short Period - Pump the elevator using sinusoidal ramp inputs
of t .5 'gw" until the aircraft response is in phase with the
elevator input. Release the control wheel at the trim posi-
tion. Use small rudder inputs to maintain wings level.

b. Phugoid - From the trim condition, perturb the airspeed by
15 knots and return the control wheel back to the trim posi-
tion and release. Again, use small rudder inputs to maintain
wings level.

c. Dutch Roll - From the trim condition, perturb the aircraft
using sinusoidal ramp inputs of 4 rudder deflection, then
return the rudder to neutral and release.

d. Spiral - Stabilize the aircraft in a coordinated left or right
turn at a 20" bank angle. Neutralize the aileron control and
release. Perform the test in both directions. Time for 20
seconds.

B. Students

1. Compute take-off weight, center of gravity and predicted takeoff
ground roll.

2. Record the information shown on the attached data record sheets
for each test performed.

3. Record both pre-flight and post-flight each time.

V. STUDENT POST-FLIGHT DATA REDUCTION

A. Reduce data where required using the attached data reduction sheets.
Use a standard weiSht of 2,450 lba for analyzing stall speeds.

B. Plot

1. 0 versus time.

2. Vi versus time for the phugoid dynamic mode.

C. Using the plots above where appropriate and other test data, determine
the following:

1. 1 "g" indicated stall speed for a standard weight of 2,450 lbf and
compare with the Flight Manual.

2. For the phugoid dynamic mode, determine the pericd, T, the damping
ratio, C, time to half amplitude, t, actual frequency, wD, and the undamped
natural frequency, wn' Use the log decrement method with your plotted data.
Compare your flight test, wn. with the approximation equation for un.

3. Report the time to double, t2, or time to half, t , bank angle
for the spiral dynamic mode.
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4. Determine the period, T. actual frequency, WD, estimate the damping
and find the undamped natural frequency of the Dutch Roll oscillation.

5. Report the time to roll through 60" of bank. Find the roll mode

time constant.

D. Evaluate the aircraft against the following paragraphs of MIL-F-8785C:

1. Dynamic Stability:

3.2.1.2 Phugoid Stability
3.2.2.1 Short Period Response

3.3.1.1 Lateral-Directional Oscillations (Dutch Roll)
3.3.1.2 Roll Mode
3.3.1.3 Spiral Stability
3.3.4 Roll Control Effectiveness
3.3.4.5 Wheel Control Throw
3.3.2.5 Control of Sideslip in Rolls

2. High AOA Tests:

3.4.2.1.1 Stalls Approach

3.4.2.1.1.1 Warning Speed for Stalls at ig Normal to the Flight
Path

3.4.2.1.2 Stall Characteristics
3.4.2.1.3 Stall Prevention and Recovery

E. Complete the "Initial Flight Test Report".

F. Complete a set of sample calculations.

G. Turn in the "Initial Flight Test Report", MIL-F-8785C evaluation results,
recorded data sheets, data reduction sheets, sample calculations, and plots using
the format specified in the "Guidelines for Flight Reports" handout.
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....... L..T.TST EPOT )1. AIRCRAFT TYPE 2. SERIAL NX.'BER
INITIAL FLIGHT TEST REPORT

3. CONDITIONS RELATIVE TO TESTa. DATE: e. CONFIGURATIO';: i. FUEL LOAD:

b. PILOT: f. INSTRUMENTATION: j. SURFACE WIND:

. OBSF.RVERS: g. START UP GR 1WT: k. WEATHER:

d. SORTIE TIME/T.O. TIME: h. START UP C.G.: 1. GROUND BLOCK:

4. TESTS PERFORMED

5. RESULTS OF TESTS (Continue on reverse side if needed)

194

z

6. RE.\RKS (Continue -n rever~e side if needed)

Refcren. : AFFTC Form .1K APR'r..
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1. AIRCRAFT TYPE 2. SERIAL 8NER
INITIAL FLIGHT TEST REPORT

3. CONDITIONS RELATIV7 TO TEST _____

a. DAIE: ~.CONFIGURATION: i. FUEL LOAD:

b. ILOT f. INSTRUMENTATION: 
J. SURFACE WIND:

C. 6O'1 l3rk Vi.S g. START UP GR WT': k. WEATHER:

d. SORTIE TIME/T.O. TIME: h. START UP C.G.: 1. GROUND BLOCK:

4. T3ESTS PERFORMED

S-. RESULTS OF TESTS (Continue on reverse side if needed)

6. REMARKS (Continue on reverse side if needed)

AFFTC-F FOrn 6 17) x 14r -
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Beechcraft Sundowner N18325
10 Nov'82 At=8,000 feet 2350 RPM

Vt=90 kto 24% CG

TEU

a.
(inches of stick Ti

displacement)1010

TED

Mil-Spec Limits
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Beechcraft Sundlowner N18325
10 Nov"82 Alt=8,000 feet 2350 RPM

Vt=9O kts 24% CG

Pull

4-

2-

F*(Ibs) 0-f----

2- Vi (Kts)

4-

Push
MuI-Spec Limits
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Beechcraft Sundowner N18325
10 Nov'82 Alt=8,0O feet 2350 RPM

Vt =90 kts 24% CG

o 20% CG
0 24% CG

TEU 2%C

(inches of stick 2%C
displacement)

TED

*20% CG data from N6014M flown
on 1 Nov at 8,000 feet and 90 kts
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Beechcraft Sundlowner N18325
10 Nov'82 Alt=8O000 feet 2350 RPM

Vt=9O kts 24% CG

Pull **20% CGO4%C

0 20% CG

0 24% CG
Fe Tri
q

V~Trim

Push

*20% CG data f rom N6014M f lown
on 1 Nov at 8,000 feet and 90 kts
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Beechcraft Sundowner N 18325
10 Nov'82 Ait=8.000 feet 2350 RPM

Vt=90 kts 24% CG

3

dse 2

dCL
\\.hn=33.5%

0 10 20 30 40 h(% of d)

o 20% CG

o 24% CG

3

dFE
q(T 2

dCL
1 \ h'.=27%

10 20 30 40 h(% of )
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Beechcraft Sundowner N18325
10 Nov'82 Alt=8000 feet 2350 RPM

Vt =90 tse 24% CG

20% CG *

TEU

a, V 24% CG
(inches of stick 0

displacement) Trim El Right turn 24%

A Left turn 24%

0 Right turn 20%

V Left turn 20%

T m (7 .4 .8 1.2 1.8 2.0 fl
TED

Trim

*20% CG data from N8014M flown
on 1 Nov at 8.000 feet and 90 kts
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______--Beechcraft Sundlowner N 183252
10 Nov'82 Alt=8,O00 feet 2350 RPM

Vt-Ba kcts 24% CG

Pull

201 20% CG *

24% CG

Fe 15-

Ob) 10 0 RIght turn 24%

V A Left turn 24%

5 0 0 RIght turn 20%

0 V Left turn 20%

.4 .8 1.2 1.6 2.0 nl

Trim

*20% CG data from N6014M flown
on 1 Nov at 8,000 feet and 90 kts
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Beechcraft Sundowner N 18325
10 Nov'82 Alt=8.000 feet 2350 RPM

V=90 kts 24% CG

3

dae 21

i hm:38%

10 20 30 40 h(% of U)

o 20% CG

o 24% CG

30-

201

dF* h'm=30.5%

10

10 20 30 40 h(% of 5)
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Rudder Force (FRj) vs Sidesi~p Angle (B)

Beechcraft Sundowner 180
Test Alt4-,O0O feet V,=90 kts

+FR(Ibs)

30

-25

-20

-10

-10

-15

-20-

-25-

-30-
~100 1-Rb)100

-FRb



Rudder Deflection (8 R) vs Sidesi~p Angle (B)
Beechcraft Sundowner 180
Test Alt=8OOO0 feet VI=9O kts

3/4

112

-B (deg) +B(deg)

-1/2

-3/4

-1

8- R inl
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Beechcraft Sundowner N6014M

30 Nov'82 Vtrm= =80 kts H=8000 feet

C.G.=21.7% MAC

Phugoid Dynamic Mode

90

(ti) 20 40 60 80 10,,0 time
(sec's)

Data reduced using log decrement:

Period T=12 sec's

Damping z=.065

Actual Frequency Wd=. 5 2 3 6 rad/sec

Natural Frequency W=.5247 rad/sec

Time to half amplitude tl/2=20.23 sec's



Beechcraft Sundowner N6014M
30 Nov'82 Vt,im=80 kts H=8000 f eet

C.G.=2 1.7%

Roll Response

90

80

70

w
a 60

~50

S40

30

20 1/2 Sa right

0 1/2 ba left

10

0
0 1 2 3 4 6

Time (SEC'S)
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